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NOTES ON THE PREPARATION AND THE 
USES OF BASSWOOD FIBER BY THE IN¬ 
DIANS OF THE GREAT LAKES REGION 

VOI.NEY H JONES 

I N THE Great Lakes region in aboriginal times no plants were 
cultivated for their fiber and, apparently, no domestic animals 
were a source of fibrous materials None of the important textile 
materials of the present day, such as cotton, flax, hemp, wool, and 
silk, were available to the Indians of this region For cordage, thongs, 
and weaving materials they were dependent chiefly on the fibers, 
barks, and stems of wild plants and on some products from wild 
animals The bast, or inner bark, of trees was one such source 
The native materials are little employed at the present time Com¬ 
mercial twine, cord, and yarn have almost entirely replaced them 
However, many of the native products have been made within the 
memory of some of the older (lersons, and the techniques are still 
well known to them 

One source of material, the basswood tree (Tilia amencana L 
of the family Tihaceae), is common in neh woods and fertile soil 
in the New England states and the Great Lakes region Its range 
extends westward into the prairie region and southward to Virginia, 
Georgia, and eastern Texas It is the only species of its genus in the 
Great Lakes region, but other species occur along the Atlantic Coast 
and in the southern states The genus is represented by several 
species in the Eastern Hemisphere It becomes a large tree, reaching 
a height of 60-70 feet or more, with a trunk diameter of 2-4 feet 
It is generally considered to lie a handsome tree and is much used as 
an ornamental plant Other common names sometimes given in re¬ 
ferring to this tree are American linden, lime tree, and whitewood 
There is so much confusion in the use of the terms “bast,” 
“bark," “inner bark," and “fiber” that they no longer have any 
definite technical meaning. In botanical literature they have been 
replaced by more precise terms. In this paper the words are used 

1 
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Volney H. Jones 

in the nontechnical sense “Bast" refers to any fibrous tissue from 
the outer portion of a plant The bast of the basswood tree which 
is utilized by Indians in the manufacture of cord is technically fibrous 
phloem tissue “Bark" Is generally used to refer to the tissues which 
are readily removed when a log is peeled, and thus to all tissues out¬ 
side the cambium The “outer bark" is the hard, dead, superficial 
layers of tissue, technically periderm and dead phloem, together 
known as rhytidome “Inner bark” designates the living, active 
tissue next to the cambium, which is active phloem Hence in the 
ease of the basswood tree, “bast” and “inner bark” both refer to 
phloem tissue and are synonymous, but this would not be true of 
many plants in which the “ bast ” is of some tissue other than phloem 
In common usage “fiber” may Tefer to any tough, strong, filamentous, 
organic substance Botamcally, a fiber is a particular type of cell, 
which may occur m almost any part of a plant The “fiber” of the 
basswood tree used m cord manufacture is phloem tissue which con¬ 
tains fibers, but also vessels, companion cells, parenchyma, and some¬ 
times other types of cells The fibers are unusually numerous and 
give the tissue the strength which caused this tree to be selected as 
material for cordage 1 

While studying the methods of gathering and the utilization of 
p|ant materials by Indians of the Great Lakes region during the sum¬ 
mer of 1933,1 had the opportunity * to observe the gathering and prep¬ 
aration of the filler of the basswood tree and the manufacture of this 
processed fiber into cord by Chippewa Indians of the Walpole Island 
Reserve m Ontario Attention has frequently been called, briefly, 
to the utilization of fiber in this manner by various Indian tribes, 
but it seems desirable to record m some detail the maimer of gather¬ 
ing, preparation, and use in this community, and to compare the 
processes as practiced there with those of other groups in the region 

These processes were demonstrated during early July, 1933, by 
Mrs. Hyman Smith, assisted by her husband, sister, and daughter 
Mrs Smith, who is reputed to be a full-blood Chippewa, appears 
to be about seventy years of age, but claims to be much older. 
According to her statements, she learned to prepare bark and to 

1 For a discussion of the technical and nontechnical usage of the words 
discussed above see Eames and McDaniels (3, pp 66-87, 76, 218) 

' As the Homeopathic Hospital Guild Scholar in Michigan Ethnology of the 
Graduate School of the University of Michigan. 



Uses of Basswood Fiber by Indians 3 

weave mats by helping her mother and has done such work since 
her marriage, but not within the last twenty years 

The bark was gathered by Mr Smith Several basswood trees 
were growing in a woodlot near his house He selected and cut three 
trees with smooth, straight trunks They were about four, six, and 
ten inches in diameter If trees are left standing, and bark is taken 
from only a part of the circumference, the wound may heal and the 
tree continue to grow However, Mr Smith wished to use the wood, 
and so cut the trees 

The bark at the base was loosened with the blade of an axe, 
grasped with the hands, and stripped from the trunk up to the lower 
limbs It came off m strips about four inches wide and ten to fifteen 
feet in length (PI I, Fig 1) These were rolled together to make 
carrying more convenient According to Mr Smith, bark can be 
stripped from the trees at any tune of the year, but slips more 
easily during the summer months, when the sap is flowing This 
is as would be expected 

The strips of bark were delivered to Mrs. Smith immediately, 
since they must be proccssod before drying She took charge of the 
bark and began at once to separate the coarse outer bark from the 
softer inner bark The strips of bark were doubled back on them¬ 
selves, causing the rigid outer bark to break, after which it was pulled 
off m long pieces. That which adhered in spots was given individual 
attention, a knife being used when necessary The inflexible part of 
the bark was finally completely removed by bonding the Btnps and 
working them back and forth in a seesaw manner The outer bark 
was discarded and the inner bark rolled into bundles and tied with 
small strips of the bark (PI I, Fig 2, PI II, Fig 2) It might be 
stored m this form for the future or be used immediately. 

At the time the rolls of inner bark are to be utilised they are 
boiled in water, to which wood ashes have been added When 1 
saw the operations performed, a ten-gallon wash boiler was set on 
stones and about six gallons of water poured into it A fire was built 
around the boiler and the water brought to a bod. About six quarts 
of ashes were then added These were scooped from an ash pile, 
where ashes from the cookstove had been dumped These ashes 
appeared to have been leached by rams and some were still damp. 
Mrs Smith thought the ashes were mostly from oak wood, but be¬ 
lieved that those from any wood would be satisfactory 
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Immediately after the addition of the ashes, the bark was put 
into the boiler The water ceased boiling momentarily, but soon 
began again The rolls of bark were stirred and pushed under the 
water, which was agitated with a broom handle (PI I, Fig 3) The 
water was kept at a boil 

When the boiling had continued for forty-five minutes one of 
the rolls of bark was removed and tested to ascertain whether it 
was beginning to separate into layers Since it was found to be mak¬ 
ing little progress, the fire was built up, another gallon of ashes 
from the ash pile was added, and also about a quart taken directly 
from the stove It was boiled vigorously for two hours more, after 
which it was again tested and was considered ready 

Cool water from the well was put into another boiler and the 
bark was transferred to it The bark was rinsed thoroughly and 
then laid out on the grass to drain Fresh water was obtained and 
the bark was rinsed again, after which the rolls were broken and the 
strips were hung across a clothesline to dry When the bark was 
first placed m the lye solution it was almost white After the boil¬ 
ing and rinsing it was a dark reddish brown 

After the strips of bark had dried for a while, but were still 
moist, they were taken from the clothesline Some of the coarser 
outer layers of bark were removed and discarded These were tough, 
but they were not woody The remainder was then ready for use 
The bark was now worked back and forth briskly with the hands 
to loosen it, a process equivalent to the hackling of commercial fibers 
It was soon loosened into layers of nbbon-like thinness, which were 
picked apart with the fingers In this condition the bark may be 
used as a ready source of small wisps of twine for various uses; 
formerly a supply was always kept at hand For purposes for which 
a stronger, more uniform product is required it is advantageous to 
twist the fiber into cords In this process the thin layers of bark are 
split into half-inch widths and cut into lengths of about three feet 
They are then ready for twisting 

While twisting the fibers Mrs Smith sat on a chair, with her right 
knee crossed over her left She pulled her apron tightly over her 
right knee, and tucked it under the knee so that it would stay in 
place Two of the strips of bark — still slightly moist — were placed 
just above the knee (PI I, Fig 4) They were kept about an inch 
apart, with the ends even. The ends were held with the fingers of 
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the left hand The palm of the right hand, placed flat on the strips 
and pushed firmly forward, rolled the strips underneath it Each 
strip of itself twisted into a firm single-strand cord The operation 
was repeated two or three times On the reverse motion the palm 
was lifted from the strands After the two strands had been twisted 
separately for five or six inches, they were rolled outwardly m the 
manner desenved above, but on the return motion the palm was not 
lifted The movement was suddenly reversed with a quick motion 
that rolled the strands together The backward motion caused the 
strands to combine neatly and smoothly into a two-strand cord 

The farthest point, at which the strands have been combined 
is now held with the left hand, the separate strips are placed side 
by side, and the process of rolling is repeated After this the back¬ 
ward motion diminishes in importance When the two strands are 
released with the left hand, the recoil from the outward rolling is 
almost sufficient to cause them to unite The roll backward under 
the palm is continued, however, and assures that the combination 
takes place m a uniform and smooth manner There is little tendency 
for the cord to unwind On the outward motion the single strands 
are twisted clockwise, while on the backward motion the two strands 
are rolled together counterclockwise (PI II, Fig 1) These opposite 
twists tend to counteract each other 

As the rolling is continued the loose ends are frequently combed 
with the fingers of the nght hand to keep them straight and to pre¬ 
vent premature twisting The reason for cutting the strips into short 
lengths is now apparent, since longer ones would twist and tangle 
When the end of a strip is reached, splicing is accomplished simply 
by laying the end of a new strip over the end of the old one and roll¬ 
ing them together under the palm The ends are lapped over for 
about an inch The splicing is done so neatly that it is difficult to 
detect. 

The bark must not be allowed to dry A container of water is 
kept convenient The hand is occasionally dampened and passed 
along the strands to moisten them. In rolling, the palih of the nght 
hand is sometimes moistened In splicing, moisture is particularly 
necessary, so that the ends of the strands usually are dampened by 
placing them in the mouth. 

As the twine iB completed it is rolled into balls about four to six 
inches in diameter (PI. II, Fig 1) These may be used immediately 
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or stored. The cord soon becomes dry and somewhat brittle and 
inflexible Before being used it must be moistened to make it flexible 
again Some of the cord which Mrs Smith employed later in making 
a rush mat was prepared simply by submerging the ball of cord in 
a pan of water for about two minutes It was then flexible and ready 
for use 

The rolhng of twine is very slow Mrs Smith deBired enough for 
the weaving of a rush mat and called in her sister to help They had 
not made cord for years and doubtless had lost much of their skill, 
but they regained efficiency rapidly It took them all day to make 
enough for the mat 

The gathering and preparation of basswood bark and the process 
of its manufacture into cord seem rather uniform throughout the 
Great Lakes region and follow essentially the methods described 
above for Walpole Island However, the literature indicates that 
some variations exist These will be noted briefly 

The trees selected by Mr Smith were from four to ten inches m 
diameter He considered that treeB as much as one foot in diameter 
might be used, but that larger ones would be too tough and the bark 
too hard Mrs Smith disagreed with him on this point and said 
that only young saplings three or four mches in diameter were suit¬ 
able, since the bark required less boiling and was easier to prepare 
The Menomini use bark from “young sprouts of basswood" (4, 
p 260) Three of four Indian tnbes now or formerly in Wisconsin 
are reported as employing “saplings" and the other “young trees” 
(10, p 76, 11, p 269, 12, p 422, 13, p 114) It thus appears 
that the general custom was to utilize younger growth of sprouts, 
saplings, and smaller trees. This accounts for Mrs Smith’s discard¬ 
ing much of the coarser part of the inner bark. 

In removing the bark from the tree Mr Smith merely loosened 
it at the base and pulled it free with his hands, allowing the bark 
to come off in rough, uneven strips approximately four mches in 
width. It appears that more care is exercised elsewhere. The process 
among the Chippewa of Minnesota as described by Miss Densmore 
(1, p 152) is as follows* “ . an incision was made at a point 

as high as a man could reach, the cut descending straight to the 
ground, after which the bark was turned back in a sheet It was 
then cut m lengthwise strips about 4 inches wide . ." Hoffman, 
Bpeaking of the Menomini of Wisconsin (4, p 260), says simply 
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that the bark was removed "in sheets”; apparently this indicates 
the method described by Miss Densmore. 

A minor variation in separating the outer bark from the inner 
may be noted. At Walpole Island the outer bark was broken and 
stripped off with the hands only Skinner (0, p 240) Bays that the 
fingers or, more often, the teeth were used Smith gives this same 
procedure for the Menomini (10, p 76), the Meskwaki (11, p 260), 
the Ojibwe (12, p 422), and the Forest Potawatomi (13, p 114) 

Mrs Smith considers that boihng the bark in water to which 
ashes have been added is an essential operation and is convinced 
that the bark would not soften and separate properly without this 
treatment At the Garden River Reserve, Ontario, however, I saw 
freshly prepared bark apparently of good quality I did not see the 
process, but I was assured that ashes were not used m its prepara¬ 
tion and that they were not at all necessary I was informed that the 
fresh bark was placed merely m clear water and boiled “almost all 
day ” Miss Densmore (1, pp 152-153) describes the preparation 
of basswood bark by the Chippewa of Minnesota The practice 
among them seems to be to remove the bark from the tree and to 
soak it in the water of a lake or a pond for about ten days and then 
to remove the outer bark After this operation the inner bark may 
be used without further preparation, but that which is to be made 
into cord is later boiled, “if the cord is to be very strong,” though 
the use of ashes is not mentioned The soaking of the bark in a 
pond or a lake is similar to the method of retting flax as practiced 
in Europe 

According to Hoffman (4, p 260) and Smith (10, p 76), the 
Menomini of Wisconsin used ashes Skinner (9, p 249), speaking 
of the same group, indicates that they may or may not have boiled 
the bark in ashes The Iroquois (8, p 160) and the Meskwaki (11, 
p. 269) used ashes 

It seems reasonable that the lye of the ashes would be of value 
in counteracting the mucilaginous nature of the bark and that it 
would hasten the dissolving of the sap and the separation of the 
layers of bark. The use of ashes does appear to be the more common 
practice but, as noted above, the bark may be utilised after merely 
soaking in cold water, or after boilrng in water without ashes. 

The treatment of the bark after boiling and before being twisted 
into cord is varied At Walpole Island hackling to soften and loosen 
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the fibers was accomplished by working it briskly with the hands 
A more common practice is to fasten a scapula or a pelvic bone of 
a bear, deer, or other large mammal at some convenient place and 
to work the strips of bark back and forth through the natural aper¬ 
ture or groove of the bone This method was not practiced and 
possibly was not known at Walpole Island Miss Densmore describes 
it among the Chippewa of Wisconsin and gives an illustration (1, 
p 153, and PI 59, Fig a, facing p 156) Hoffman reports this same 
practice by the Menommi (4, p 260), but says that the scapula is 
used and that a hole about an inch in diameter is drilled in it Skinner 
indicates that among the Mcnormm the practice is not uniformly 
as described by Hoffman According to him, the bark may be 
“worked back and forth with the hands to break up the woody 
fibers and to detach them from one another ” He states that “some¬ 
times this is accomplished by rasping the cooked bark through the 
hole in the pelvic bone or crotch in the scapula of a deer or bear ” 
The manner in which this operation is accomplished would seem to be 
a matter of convenience Skmner (9, p 251) explains that the fin¬ 
ished cord is also rasped through the pelvic bone of a deer or a bear 
to make it even I have found no account of this practice elsewhere 

The twisting of cord under the palm of the hand is apparently 
a fundamental and widespread practice It accomplishes the same 
end as spinning with the spindle, and doubtless is a primitive fore¬ 
runner of spinning Fibrous material such as bast does not lend itself 
to the spindle as well as do such materials as cotton and wool, which 
have a natural enmp and more resiliency However, flax, a bast fiber, 
is commonly spun with the spindle Apparently, in aboriginal North 
America, spinning under the palm superseded spindle spinning, and 
in the regions where cotton, the spindle, and the true loom came in 
later, palm spinning still persisted as the technique preferred for 
some materials 

There is no mechanical reason why cord could not be rolled in 
the direction opposite to that customary with Mrs Smith If this 
were done the movement would take place toward the body in rolling 
the separate strands and away from the body in twisting them to¬ 
gether As a result the single strands would be rolled counterclock¬ 
wise and the two twisted together in a clockwise direction In fact, 
this method Beems to be more common in other areas Miner (7, 
p. 188), speaking of the Mississippi drainage area, says: “Left, or 
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clockwine, twisted cord appears universally in this region Cave site 
No 3 in the Norns Basin, Tennessee, a Woodland site, is unique in 
that it evidences the opposite twist as well This uniformity of 
technique may be explained by the fact that practically ftll cording 
was done by rolling the fibers together on the thigh umfar the palm 
of the hand The mechanical advantages of manipulating the strands 
with the right hand may well be responsible for the laojp of differen¬ 
tiation ” I must disagree with Miner in his assumption that clock¬ 
wise twisting of cord is primarily a right-handed technique and in 
his implied corollary that counterclockwise twisting wopjd be a left- 
handed technique The cord which I saw manufactured at Walpole 
Island was certainly made with the right hand, and yet the direction 
was counterclockwise Either direction of twist can be accomplished 
with either hand Twisting involves rolling the cord away from the 
body and rolling it toward the body The direction of the final twist 
depends on the choice of the operator in the order in which the move¬ 
ments occur It seems that the habitual twist of cord fn a particular 
direction is a culturally determined habit rather thap one dictated 
by mechanical efficiency 

Unfortunately, most authors have been content to say only that 
the cord was rolled under the palm and have not specified the direc¬ 
tion of the twist Hoffman (4, p 260) is an exceptipn According 
to his description, the strands are laid across the thigh and held 
with the left hand, and “the palm of the right hand iB then rolled 
forward over both, so as to tightly twist the pair of strands, when 
they are permitted to mute and twist into a cord ” The two strands 
rolled outward with the right hand would be twisted clockwise, and 
when they were “permitted to unite” would twist together in a 
counterclockwise direction Thus counterclockwise corfi is here again 
manufactured by a right-hand operation The process is identical, 
therefore, with that which I observed, except that the backward 
motion of the hand is omitted and the strands are allowed to unite 
by the recoil of the outward roll It seems possible that Hoffman 
may have overlooked this backward motion, since Sltinner, writing 
of this same group later, says that the fiber was twisted into cord by 
sliding the palm “backward and forward” over the fibers until they 
twisted together Smith (11, p 269) describes the twisting of cord 
by the Meskwaki, who rolled it under the palm The method is 
similar to that at Walpole Island, except that the stranfis are said to 
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be “twwted m opposite directions and allowed to run back together 
to make a two-ply cord ” While it is difficult to understand how 
two Btrands could be conveniently rolled under the palm in opposite 
directions this may have been done I am inclined to believe, how¬ 
ever, that the Meskwaki practice followed the almost universal one 
as described above Cord which when finished might be quite 
similar can, however, be manufactured in a different manner Mason 
(0, p 207) describes the Thnkit Indians’ method of making cord 
in which each of the strands is twisted separately and then both arc 
twisted together, the entire operation being done with the fingers 
and palms of the hands 

In view of the lack of adequate descriptions of technique giving 
the manner of manufacture and the direction of twist, numerous 
ethnological and archaeological specimens in the Ethnobotanical 
Laboratory of the Museum of Anthropology of the University of 
Michigan were examined Some few cords were braided, but the 
majority were twisted In every case the strands were rolled in one 
direction and twisted together m the other None were found with 
Btrands rolled in opposite directions, like those described by Smith. 
In appearance and nature they resemble cord from Walpole Island, 
and no doubt most of them were made in the same manner The 
final twist is sometimes m one direction and sometimes in the other 
The counterclockwise twist is not so rare as is indicated by Miner 
It occurs m cord from each area examined, sometimes m the majority 
Cord from western Texas cave sites shows about equal numbers of 
specimens with clockwise and counterclockwise final twist Speci¬ 
mens from the Southwest, northern Mexico, and Osark bluff dwell¬ 
ings have the counterclockwise in the majority Material from the 
caves of Ohio and Kentucky contains a few counterclockwise cords, 
but those with clockwise twist are greatly m the majonty 

While two-strand cord seems to be by far the most common 
type in the region under consideration, Morgan (8, p. 17) mentions 
three-strand rope as having been made by the Iroquois, but, un¬ 
fortunately, does not describe the process. I have seen three-strand 
cord from the Osark bluff dwellings m which the twist of the single 
strands is clockwise and that of the three twisted together counter¬ 
clockwise This mdicates that the cord was veiy likely manufactured 
by rolling on the thigh under the palm of the hand, as described 
above, but it would not necessarily be so. 
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Both at Walpole Island and at Garden River Reserve the women 
began rolling the cord on the clothing over the thigh. At each place 
I stepped aside for a few minutes and returned to find them rolling 
the cord on the bare thigh They were obviously quite embarrassed, 
they quickly covered their thighs and continued as before Rolling 
on flesh would be easier than on clothing, which has a tendency to 
roll with the cord, and doubtless is the system universally followed 
when no strange males are around The custom among the Chip¬ 
pewa of Minnesota, according to Mihs Densmore (1, p 153), was to 
roll the fiber “on the flesh of the right leg above the knee ” Ap¬ 
parently modesty is on the increase among the Menommi In 1895, 
when Hoffman made his observations (4, p 260), the eord was rolled 
on the thigh, but both Skinner and Smith, who later saw the process, 
say that the rolling was done on the bare shin At Peshawbestown, 
Michigan, two Ottawa women have a unique method of rolling twine 
A piece of ducking about a foot long and several inches wide is tacked 
on a log about four feet long The log is held between the knees and 
the cord rolled on the ducking, which has first been dampened This 
method has the advantage of saving wear and tear on the thigh and 
at the same time preserves modesty 

It is fairly certain that in aboriginal times the gathering and 
preparation of textile materials as well as the spinning and weaving 
were the work of the women At present it is difficult to gather 
information on the early division of labor Apparently the adoption 
of European culture has caused a different division of labor In al¬ 
most every case I observed m two summers' work among the Chip¬ 
pewa and the Ottawa of Michigan and Ontario, the men gathered 
the materials or, at least, assisted According to Skinner (9, p 249), 
the Menomim women gather the basswood bark and manufacture the 
cord Smith states that the gathering of basswood bark and its 
manufacture into cord is all done by the women among the Menommi, 
the Potawatomi, the Meskwaki, and the Ojibwe Miss Densmore 
(1, p 152) says the hackling of the bark was formerly performed by 
the children 

The uses of basswood fiber were quite numerous and varied In 
its different stages, from the time when it was fresh from the tree un¬ 
til it was carefully boiled and twisted into cord, it was employed m a 
multitude of ways. In every well-regulated Indian household through¬ 
out the Great Lakes region balls of fiber and eord were kept available. 
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The fiber may be taken fresh from the tree, the outer bark re¬ 
moved, and the Ifincr bark utilized without further preparation as 
thongs, lashings, Or crude twine (9, pp 248-249) The mner bark 
m its full thicknesSi without boiling, may be eut into strips and woven 
into bags and baskets (1, p 152), but m most of the communities 
which I visited bfttk of the white cedar (Thuja occidental ta) was pre¬ 
ferred for this and was used when available 

Miss Densmofte (1, pp 152-153) describes the preparation of “nee 
twine,” the twine for tying together sheaves of wild nee She states 
that the bark was soaked m a lake or a pond for about ten days 
It was then remdVed and boiled, separated into layers, and eut into 
strips about one-naif inch m width These strips were tied together 
end to end withdiit twisting The twine made in this manner was 
rolled into a ball iii such a way that it would unwind from the middle 
Jenks (5, pp 1006-1061) discusses the preparation and use of such 
twine and quotes several early sources to support his observations 
His descnption cbheurs with Miss Densmore’s m most particulars, 
but disagrees m jfeying that “green inner bark of basswood” was 
used rather than boiled bark 

Strips of boiled or fresh untwisted bark were utilized in many 
ways for tying ahd sewing They were used to tie sinkers to fish 
nets, to bind packets, and to sew tops to bark and woven containers 
(I, p 153) At the Garden River Reserve in Ontario I saw birch- 
bark containers for maple sap being manufactured In this case 
boiled, untwisted btlsswood bark was the sewing material Farther 
to the north and west spruce root is apparently more commonly used 
for this purpose. 

Basswood bilk found many uses in house construction The pole 
framework was ikshed together with fresh or dampened bark, winch 
on drying and shrinking made a tight binding (1, pp 22-28, 9, 
pp 88-106, 12| pp. 422-423) The bark covering and cattail siding 
were sewed with strips of basswood fiber (1, p 157, 9, pp 88-106, 
244) In additioh, It was variously employed in binding and suspend¬ 
ing objects 

The chief use of the twisted two-strand cord in various sizes was 
in the textile arts That which I saw at Walpole Island later became 
the weft of a rush tnat, that which I saw at Garden River was used 
as the border of A ccdar-bark mat It seems to be the customary 
material for this purpose throughout the region m question. It also 
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enters into many other textiles such as bags, burden straps, netting 
of snowshoes, and fish nets, and is employed in binding runs and in 
ornamentation of splint baskets and for many otfier purposes The 
twisted cord would not be used for ordinary tying unless strength 
and permanence were desired Generally a wisp of untwisted bark 
would serve as well 

In the Great Lakes region in aboriginal times basswood ap¬ 
parently was the chief source of fibrous material It was a common 
tree, the fiber was readily available in quantity and, being strong 
and durable, was moderately easy to prepare for use It was, how¬ 
ever, not by any means the only plant used O^her trees or shrubs 
that furnished bark for fiber were two or three species of elm, par¬ 
ticularly slippery elm ( Ulmusfulva ), white cedar ( Thuja occidenlahs), 
and moosewood or leatherwood ( Dtrca palusir%s) The uses and 
preparation of slippery elm and basswood seepi almost identical, 
except that slippery elm requires no boiling anc} soaking (1, p 152, 
9, p 249, 10, p 77), but basswood seems to h& ve been generally 
preferred White cedar bark was sometimes a source of cordage, 
but more often was cut into strips from which mats and bags were 
woven Leatherwood was more valued as a ready source of thongs 
than as a textile material, although it seems to have been used some¬ 
times in preparing cord 

The fibers of several herbaceous plants such as Indian hemp 
(Apocynum cannabtnum), swamp milkweed (Asclepiaa incamata), and 
some members of the family Urtieaeeae, particularly nettle (Urtica 
gracilis), were used The fiber of these plants is of a nature different 
from that of the woody plants, since it is chiefly from the pencycle 
and is extracted as almost pure fibrous tissue It is finer and stronger 
than that of the woody plants and was used principally for better- 
grade cordage and textiles, whereas that of the woody plants was uti¬ 
lized in coarser textiles and as thongs The disadvantage of the use 
of fibers of herbaceous plants was that the gathering and preparation 
were slower and more tedious The twisting of the cord was generally 
done on the thigh under the palm, as in the case of the bast of trees 

Although basswood bark and other native fillers were of great 
importance to the Indians of the Great Lakes region they have been 
of little value to their white successors They were used by the early 
settlers m the region, but fibers from the American tropics and from 
the Eastern Hemisphere have replaced them in commerce. Accord- 
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ing to Dodge (2, pp 813-314), batmwood fiber haa found occasional 
use m America as matenal for rough cordage and coarse matting, 
and in Eurasia several species of basswood have been utilized, chiefly 
m Russia, Sweden, and Japan, as a source of matenal for rope, string, 
shoes, nets, mats, baskets, packing, paper, and other things Though 
basswood may not be a commercially profitable fiber for use m normal 
times, it might, in an emergency, offer a ready substitute for such 
fibers as hemp, sisal hemp, and jute, the present supply of which is 
largely imported 

University or Michigan 
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NOTES ON INDIAN TRADE SILVER 
ORNAMENTS IN MICHIGAN 

GEORGE I QUIMBY, Jr 

T HIS study of Indian trade silver ornaments is based upon a 
detailed examination of two collections, one at the Kent Scien¬ 
tific Museum, Grand Rapids, and the other at the Museum of An¬ 
thropology, University of Michigan, Ann Arbor These omatnents 
were excavated from Indian village sites and cemeteries of the his¬ 
tone period and from intrusive bunals in prehistoric mounds Occa¬ 
sional ornaments were surface finds 

There were selected for study 119 ornaments of the type com¬ 
monly stamped with the identifying marks of the silversmiths who 
made them Data on type of site and locale of find accompanied 
them Charactenstic of these ornaments were single- and double- 
barred crosses, crescent-shaped and circular gorgets, plain circu¬ 
lar brooches, ornate circular brooches, star brooches, single-heart 
brooches, harp-shaped brooches, hair plates, arm bands, wnstbanda, 
bracelets, spoon lockets, and animal effigies 

On 27 of these ornaments the touch marks were missing, owing 
mostly to breakage and corrosion, although a few seem to have been 
unmarked But certainly 62 articles of Bilver, probably 75, were 
manufactured in Montreal by late eighteenth- and early nineteenth- 
century silversmiths Smce the area of distribution of ornaments 
upon which the marks arc missing coincides with that of identified 
Canadian silver in Michigan, it might be valid to assume that at 
least half of this silver is also of Canadian manufacture, which would 
increase the total of Canadian ornaments to 89 (Bee Table I) 

Of the ornaments remaining, one was manufactuaed in London 
and two were made m the United States Fourteen bear touch 
marks which are unidentified. Thus it is apparent that at least half, 
if not considerably more, of the silver ornaments excavated from sites 
in Michigan are of British origin. 

Although the brass and the copper crosses given to converts by 
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the Jesuits tore church symbols, the Bilver crosses brought into the 
fur country at a later time by traders and government agents had 
little religlbuh significance Both the Florentine or double-barred 
cross and tlie Latin or single-barred cross were common trade itemB 

TABLE I 


Distribution or Ornaments by County in Michigan 


Mafk 

Em¬ 

met 

Ionia 

Kent 

Lenaw ce 



Presque 

Isle 

Unknown 

h q* 

MONTf&AL * 

25 

8 

3 

1 


4 



m 

1 

CA* 

5 



1 


2 


1 

PH* 

3 


1 




u m 


JH* 

1 






mSm 


JOf 


1 





I 

1 

18 t 

8 



2 

1 




XIIl 

3 








Lion DM sant 

as (tr 

2 



2 



. i 


B L, etc 
cd 

] 


1 




■ 


JD 

1 








JK 

1 








JT , 

1 






■ ■ 


pj.b 

1 








PJD BP 

Stt 

1 

1 





■ 


W 

1 








WO 

1 






1 


No marks 

16 

1 

3 




■ 


totals 

79 

7 

10 


1 

2 

8 

3 


* Touch marks of Montreal silversmiths 
t Probably the touch mark of a Montreal silversmith 


The head and the foot of the shank, as well as the ends of the cross 
bars, were foliated In all the double-barred crosses studied the 
lower crossbars were longer than the upper Crosses of both types 
were pierced at the head to allow the insertion of a nng for suspen¬ 
sion 

The crescent-shaped gorget is convex in cross section The deco¬ 
ration occurs upon the convex side, and means for suspension are 
provided by bosses or buttons at the points of the crescent 
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The circular gorget ta a concave disk, with the ornamentation on 
the concave surface Means for suspension are provided by two 
buttons or bosses on the upper part Both the circular and the cres¬ 
cent-shaped gorgets were worn suspended from the neck by a band 
or a cord 

Hair plates appear as flat silver disks punched m various patterns, 
so that the perforations leave a tracery of geometnc design enclosed 
within a circular rim The whole ornament is approximately sym¬ 
metrical There are no means of attachment 

Plain circular brooches arc convex disks with a central, circular 
opening or mouth A hinged clasp or pm crosses this opening upon 
the convex side of the ornament, and this brooch, like all the others, 
is held m place on the garment by pulling a portion of the cloth 
through the opening, so that the hinged pin may be inserted The 
tension of the cloth on the pin prevents the ornament from becoming 
unfastened 

The decoration, if there is any, appears on the convex side The 
portion of the ornament from the mouth circumference to the nm 
is a solid surface and is not perforated 

The ornate circular brooch is similar to the plain circular brooch 
in that it also is a convex disk with a central opening or mouth, but, 
unlike it, is ornamented with a symmetrical arrangement in a circle 
of oval, triangular, diamond-shaped or crcscent-shaped perforations 
The decoration appears upon the convex side, and consists of vanous 
kinds of engraved lines on the solid parts of the brooch lietween the 
perforations The nm may or may not be crcnulated 

The harp-shaped brooch, of which there is only one among the 
collections studied, is similar in fonn to an Insh harp It is perfectly 
flat, and bears no engraved decoration 

Heart-shaped brooches are in the form of a single heart, and 
generally are surmounted by a cross, a crown, or some other decora¬ 
tive form. 

As their name indicates, star brooches are in the form of a star, 
although not necessanly a five-pointed one They are slightly con¬ 
vex in cross section The decoration, if present, appears upon the 
convex side The vanous points of the star may or may not be en¬ 
closed within a nm 

Spoon lockets are spoon-shaped, with ovoid, flat covers There 
is a ring for suspension at the base of the locket Usually the covers 
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which are attached to the locket at the base by a hinge are the only 
decorated portions of the ornaments 

Arm bands are similar to bracelets, but are much wider in pro* 
portion to their length Like the bracelets, they are not complete 
circles Rather, there is a break between the ends of the band to 
allow for variation m the size of the arm or the leg, upon either of 
which they were worn Longitudinal ndges are often present at the 
edges of the arm band Decoration consists of stamped designs, 
engravings of animals, and geometric patterns 

Bracelets have longitudinal ndges, which are parallel to one an¬ 
other and run the entire width instead of being at either edge like 
arm bands As a rule, the bracelets are not decorated with engrav¬ 
ing or stamped design of any kind 

The only animal effigy represented among the Michigan collec¬ 
tions is a bear It is of silver and is hollow The mouth has a nng 
for suspension These vanous types are illustrated in Plate III 1 
The decoration upon the vanous types of silver ornaments con¬ 
sists of stamped or engraved design A charac tenstic stamped design 
is illustrated by Figure 1 K This type usually occurs at the margins 
of arm bands, ]ust inside the longitudinal ndges at either side An¬ 
other type of stamped design is the small circle, which is similar to 
the design stamped upon pottery with a hollow reed This is illus¬ 
trated by Figure 1 J 

Engraved designs may be straight line, curvilinear, roulette, and 
rocker The upper parts of Figure 1 L illustrate the rocker type, 
and the lower part is representative of the roulette type. These 
various types of engraving appear in any number of combinations 
and, in addition, may have spurs or dots associated with them 
A tentative identification of the possible totemic decorations, Fig¬ 
ures 1A-I, engraved upon these ornaments seems to indicate that 
they were owned by the Ojibwa or Chippewa, the Ottawa, and the 
Potawatomi Indians These Indians were British allies, thus it is 
not surprising that so large a proportion of Canadian silver should 
be found in this region 

At the beginning of the war between the United States and Eng¬ 
land in 1776 both the Americans and the British made great efforts 
to secure the support of the Indians Nevertheless the Indiana m 

1 For more detailed explanation and description of types of silver ornaments 
see Beauchamp (1) 
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Fio 1 Design dements and pictures engraved upon Indian silver oi 
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general favored ilu* British, perhaps because of the active work of 
their agents in distributing presents among them So thorough 
were the efforts of these* agents and traders that the influence of the 
English lasted until after the War of 1812 

In Volume 10 of the Knox Papers, which are m the Clements 
Library at the University of Michigan, there is a communication 
from Captain Knox to General Haldimand dated April 7, 1781 In¬ 
cluded in the presents for Indians at Niagara were the following 
ornaments 2 

50 large silver Medals with the Kmg’s Bust nn one Hide, the other arms 
100 smaller ditto on one side the kings bust, the other Lion, Wolf, Si* 

500 Silver arm bands with King's urins and suppoitirs, Si* engraved on them 
500 Wrist bandH 

100 Silver Gorgets c ngraved with the King’s arms and mipi>ort( re Si* 

1000 Silver shirt buckles (brooches) sorted 
500 pairs Silvt r earrings with drops, sorted 

In the Michigan Pioneer and Historical Collections , 15 606-607, 
there is a “Recapitulation of Indian Presents &c shipped for the Post 
of Miehilimackinac in the Brigade of Canoes which Left Lachine 
(Montreal) the 9th of July 1814 in charge of Capt J M LaMothe & 
Consigned to Lieut Col McDonall ” Among a considerable \ ariety 
of trade goods and supplies these articles of silver are found 

5000 Ear Bobs 
60 Pairs Arm Bands 

3640 Common Silver Broaches [probably miniature round brooches]} 

50 Silver gorgets 

An “Invoice of Sundry Indian Stores delivered (to) Robert 
Dickson Esqr Agent & Superintendent of the Western Nations by 
order of Lieut Coin McDonall Comdg Miehilimackinac/’ signed 
“Jno Askin, Indian Department Miehilimackinac 29th Octr 1814” 
appears on page 655 of the volume already cited The silver orna¬ 
ments which are listed therein are. 

30 Pairs of Arm Bands 
1874 Brooches 
1250 Pairs of Ear Bobs 
40 Gorgets 

Thus on the basis of the documentary evidence it is apparent 
that the British were presenting and trading silver ornaments in the 


1 The list is reproduced here as it occurs in the original 
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Great Lakes region and m Michigan during the period from 1776 
to 1814 

Further evidence that the silver ornaments studied belong to 
this period is brought out by the identification of the touch marks 
and the makers 

In some regions the Indians themselves took over the art of silvcr- 
smithing after it had been introduced into their territories by white 
men * The Iroquois of New York are a notable example of this 
But from the appearance of the ornaments and the fat t that most of 
them bear touch marks, it does not seem that the Indians of this 
region manufactured much of the silvci found here 

Robert Cruiekshanks of Montreal was the ranking silversmith 
with regard to quantity of production for the fur trade m Michigan 
and vicinity His touch mark, the script letters ‘R CV enclosed in a 
curvilinear cartouche, appears upon 36 of the 119 ornaments After 
learning his trade m London Cruiekshanks 4 emigrated to Boston 
about 1768, where ho worked as a silversmith According to the 
accounts of Colonel Daniel Claus, silver ornaments were supplied for 
the Indians by Cruiekshanks m 1779 (He should not be confused 
with the Robert Cruiekshanks of Ixmdon who completed his ap¬ 
prenticeship to Alexander Johnson in 1776 and worked in that city 
until 1806 or later ) 

Bemg a Loyalist, Cruiekshanks fled to Montreal in the opening 
years of the American Revolution and is there listed as a merchant 
in 1781 For a while he was in partnership with Charles Arnoldi, 
but this was terminated in October, 1784 In the records of the 
Church of Lacadie CruickshankB’ name appears under the dates 
1787, 1788, and 1789 The Government House in Montreal bought 
cutlery of Cruiekshanks in 1789 Robert Cruiekshanks died sud¬ 
denly on board the ship Emretia on April 16,1809, at Spithead 

* Harrington (2) and Parker (5) 

4 This and subsequent tentative identifications, unless otherwise stated, 
were made by means of rough sketches of the touch marks sent to various scholars, 
who communicated their opinions to me by letter Foi the identification of the 
touch mark and for the information concerning Cruiekshanks 1 am indebted 
to the historian E Alfred Jones, London, England, Professor Ramsay Traquair, 
head of the School of Architecture, McGill University, Montreal, Dr Amos W 
Butler, Indianapolis, Indiana, E Z Massicotte, archivist, Old Court House, 
Montreal, Dr James F Kenney, acting dominion archivist, Ottawa, John 
Marshall Phillips, Gallery of Fine Arts, Yule University, New Haven, Connecti¬ 
cut 
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Another Montreal silversmith, Charles Arnoldi, 5 a onetime part¬ 
ner of Cruickshanks, is probably responsible for eight of the orna¬ 
ments studied His touch mark consisted of the script letters *CA' 
in a curvilinear cartouche Records pertaining to him are dated 
1784, 1788, and 1810 At the last date he was established at 16 
Notre Dame Street m Montreal In his later years he was associated 
with a silversmith named Comens 

There is a possibility that the touch mark consisting of the Roman 
capitals 'P H' in an oblong cartouche is that of Henri Polonceau, 6 a 
silversmith of Lapraine, who entered business m Montreal in 1806 
However, the reversal of the initials m the touch mark is entirely 
without precedent The last known record of Polonceau is dated 
1810 In the two collections there are four ornaments with this 
mark 

Although the silversmith who used the Roman capitals 'IS' in a 
square cartouche is unknown, evidence of his work is found in Canada 
In the Bishop's Palace at Quebec there is nineteenth-century silver 
cutlery which bears this mark 7 This fact and the comparatively high 
percentage of silver ornaments beanng TS' m the collections studied 
might lead one to conjecture a Canadian origin for it 

Two of the ornaments in the collections studied bear the Roman 
capitals ‘JO' in a square cartouche This touch mark is probably 
that of John Oaks, 8 a Montreal silversmith and onetime associate 
of Charles Arnoldi 

One ornament, a silver gorget incised with the Royal Arms of 
England, was manufactured in 1781 by Benjamin Laver, Bond Street, 
London The marks on it are (1) 'B L/ in thick letters, in an 
oblong cartouche, (2) the small letter T m a square cartouche, 
(3) a lion passant in an oblong cartouche, and (4) a crowned leopard 
in a shield-shaped cartouche 9 

Upon a harp-shaped brooch from Emmet County appears the 
mark of an unknown Montreal silversmith It consists of the script 
letters 'JH'ma curvilinear cartouche, which in addition is stamped 
“Montreal” in small Roman capitals 

s The information concerning Arnold! was supplied by Professor Ramsay 
Traquair and Mr E Z Maasicottc 

• According to Professor Ramsay Traquair 

7 According to Professor Ramsay Traquair 

* According to E Z Massicotte * Identified in Old London Stiver (4) 
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Twelve vaned ornaments are merely stamped with the word 
“Montreal,” in small Roman capitals These pieces bear no other 
mark 

Only two of the 119 ornaments bear touch marks of United States 
silversmiths, one was manufactured by either John David, Jr, or 
John Dupuy, both of Philadelphia, and the other by John Kinzie of 
Michigan The David, Jr , or Dupuy mark 10 consists of the capitals 
‘JD’ in an oblong cartouche Since the mark of John David, Jr, 
is known to appear m an oval cartouche, it is more likely that the 
one in question is that of Dupuy, who was working in Philadelphia 
from 1709 to 1803 This mark is stamped upon a double-barred cross 
John Kmzie's mark, 11 consisting of the script letters * JK' in an ob¬ 
long cartouche, is stamped upon a large double-barred cross from 
Emmet County Kinzie, who received his training as a silversmith 
in Montreal, was working in the Michigan region from about 1800 
to 1815 or later 

The touch marks of unknown silversmiths which appear upon 
Indian silver ornaments in Michigan are as follows the Roman 
numerals ‘XIII' m an oblong cartouche, on three objects, the Roman 
capitals ‘AS’ in an oblong cartouche, on two, ‘CG 1 in a square car¬ 
touche, on one cross, a lion passant in an oblong cartouche, on two 
bracelets, ‘JT’ in an oblong cartouche, on one brooch Other un¬ 
known marks are ‘PJD ' in an oblong cartouche with serrated 
edges, the same letters in an oblong cartouche with straight edges 
and accompanied by the stamped letters ‘BP’ in a square cartouche, 
and the letter ‘W m an oblong cartouche The initials ‘BP’ in 
the square cartouche might be the mark of Benjamin Price of Phila¬ 
delphia, although it is certainly incongruous to find them on the 
same ornament with another touch mark One gorget is stamped 
with the Roman capitals ‘SH* in an oblong cartouche and one brooch 
is marked with the script letters ‘WC,’ or possibly ‘ JM/ m an oblong 
cartouche. 


SUMMARY 

On the basis of the touch marks identified and of documentary 
evidence, it would seem that Indian Bilver ornaments were brought 

M According to Harrold E Gillingham, Germantown, Philadelphia, and John 
Marshall Phillips 

u According to John Marshall Phillips 
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into Michigan during the period from the American Revolution to 
the War of 1812 More than half are British in origin, a large 
number came from Montreal, most of which were made by Robert 
Cruickshanks In some places the Indians took over the art of 
silversnuthing, but the Indians of this region do not seem to have 
done so, although they may be responsible for some of the decoration 
Possible archaeological applications of the study of trade silver 
are the dating of historic sites anil the identification of the tribe which 
occupied a given site and of the peoples on the basis of their govern¬ 
mental affiliations as revealed by the silver 

University or Michigan 
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Fio 1 From top to bottom Row 1, large circular gorget small cm ular gorget, ban plate, R >w 2 double-barred i r<w«, -ingle-barred 
cross, Row 3, large crescent-shaped gorget, «mall crescent-shaped gorget, hair plate 
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MINIMUM INTENSITY OF ARTIFICIAL ILLU¬ 
MINATION EFFECTIVE IN SUPPLEMENTING 
THE NORMAL PHOTOPERIOD* 

J PERRY AUSTIN 

I N ORDER to determine bow low the intensity of artificial illumi¬ 
nation could be and still be effective in supplementing the normal 
winter photopenod, the following experiment was conducted m a 
long section of the greenhouse at the University of Michigan Botanical 
Gardens during the winter of 1933 The temperature of this part of 
the greenhouse was 55° to 65° F during the day, and 50° to 55° F 
at night The normal winter photopenod was supplemented by 
hght from a 500-watt tungsten-filament Mazda lamp suspended at 
one end of the greenhouse and provided with a reflector tilted to 
one side to direct the hght along the length of the greenhouse This 
gave supplementary hght ranging in intensity from 56 foot-candles 
at one end of the greenhouse to less than 0 2 foot-candle at the other 
The hght was turned on one-half hour before sunset and was turned 
off late at night, at the proper time to give a total hght period of 
20 hours 

Rudbeckta bicolor superba (a long-day plant) and Cosmos sul- 
phureus (a short-day plant) were subjected to these conditions 
Groups of plants of the two species were placed at various distances 
from the source at light The intensity of artificial illumination 
reaching each group, as measured by the MacBeth IUummometer, 
is tabulated below For each group the intensity at the near and 
the far ode of the group, with reference to the light source, was 
measured at the beginning and the end of the penod during which 
the experiment was conducted 

At the end of twenty-one weeks all the Cosmos plants of groups 
4 and 5 had developed flower buds, and three of these plants were 
flowering; none of those in groups 1,2, and 3 showed any indications 

* Papers from the Department of Botany of the University of Miohigan, 
No 581 
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of budding The Rudbeckia plants m groups 1, 2, and 3 developed 
stems, budded, and flowered Flower buds appeared on the plantB 
in group 2 at about the same time as m group 1 (average age at 
budding approximately twelve weeks), but budding was delayed 

TABLE I 

Light Intensity in Foot-Candles 


Group 

Beginning of experiment 

End of expenment 

Number of plants 

Rud 

Cos 

1 

56 0 to 42 6 

37 4 to 25 4 

10 

17 

2 

00 to 8 l 

6 2 to 4 7 

0 

9 

3 

1 06 to 1 78 

158 to 136 

16 

13 

4 

0 305 to 0 388 

027 to 023 

13 

11 

5 

0 260 to 0 246 

0 19 

14 

14 


about three weeks m group 3 In groups 4 and 5 there were no m- 
dications of stem elongation until the last of March, when the 
length of the normal photopenod had become equal to the critical 
pbotopenod for stem elongation in Rudbeckia 

Under the conditions of this experiment the critical intensity 
(intensity necessary to supplement the normal photopenod effec¬ 
tively) for both Cosmos sulphurous and Rudbeckia bicolor superba 
lies between 0 4 and 1 8 foot-candles 
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ANATOMY OF THE LEAF TRANSITION 
REGION OF URGINEA MARITIMA * 

DOROTHY CHAPMAN CARPENTER 
INTRODUCTION 

U RGINEA MARITIMA, or sea onion, is a member of the Lih- 
aceae and is found at certain points along the shores of the 
Mediterranean Sea It has a large bulb, at the base of which is a 
menstematic region which gives nse above to leaves and bulb, and 
below to roots As the leaves first appear from the top center of the 
bulb they are round and solid Later — the amount of previous 
growth is variable with different leaves -- a split in the solid round 
structure occurs, making it flat m all future growth 

According to extensive anatomical work completed by Agnes 
Arber (1-3) and her phyllode theory, on comparative morphological 
and ontogenetical grounds such leaves among the Liliaceao, including 
those of the near relative of Urginea, Scilla, are equivalent to leaf 
bases The solid tips are held to represent the last rudimentary phase 
of the disappearing petiole, and the lamina is entirely absent In 
Urginea manttma, as m Ins xtphioidea and others, the cylindrical 
petiolar limb may be of considerable length, or may be reduced very 
greatly, so that the leaf consists almost entirely of sheath, with the 
vestigial petiole forming merely the cylindrical apex Solid tips have 
been observed anywhere from 6 to 17 cm in length before the flat 
region begins In other liliaceous forms such as Hyacinthus this 
relation has become fixed, with the chief part of the leaf of leaf- 
sheath nature, the petiole being only a solid tip 

The change from round to entirely flat takes place m a narrow sone 
of not more than 8 to 15 mm m extent, and it is the structural transi¬ 
tions in this region that are described in this paper Figure 1 of 
Plate IV is a general diagram of the entire leaf, showing between 
the numbers 10 and 28 the area of change. The tissue was killed m 
weak chromoacetic acid solution, since it was found that with such 

* Papers from the Department of Botany of the University of Michigan, 
No 665 
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succulent, watery material anything stronger caused great shrinkage 
It was run through a butyl alcohol senes, embedded in paraffin, 
senal sections 10 mm in thickness were cut from top to bottom, 
mounted, and stained with saframn and amlm blue 

The leaf epidermis is thin-walled, noncutimzed, and contains in 
the flattened regions numerous stomata The guard cells are also 
thm-walled and open into air spaces They are found on both upper 
and lower surfaces The majority of leaf tissue is rortical, being 
composed of large parenchyma cells in the center regions and smaller 
parenchyma cells in the outer ones The first layer beneath the 
epidermis, although no different in shape or size, contains chloro- 
plasts The vascular bundles are collateral with the endarch xylem 
innermost and are arranged in a ring within the sohd leaf tip At the 
completion of the split the leaf is flat and thin, with the bundles 
centered the width of the leaf in a straight line The greater part 
of the tissue at this stage is still cortical, but there is a row of chloro¬ 
phyll-bearing cells directly beneath both upper and lower epidermal 
surfaces (4) 


DESCRIPTION 

Figure 10, a cross section of the leaf tip, shows an oval shape 
somewhat flattened on one side There are five large vascular bundles, 
numbered 1 to 5 on the plate, and seven small bundles alternating 
with the large ones, numbered 6 to 12 Bundle 12 is in the process 
of being formed, laterally, from bundle 11 At a slightly lower level 
in the leaf (Fig 11) a new small bundle, number 13, arises laterally 
from number 4 and the splitting of the leaf begins on the fiat side 
as a shallow indentation between bundles 12 and 6 This latter split 
begins by the shrinking of four or five epidermal cells to about one 
half of their natural length and by their collapsing inward upon the 
chlorenchyma cells just beneath them The walls between these 
chlorophyll-beanng cells partially break down, allowing the contents 
to run together (Fig 12) 

Still lower in the leaf, bundle 13 bends laterally, combining with 
bundle 11, and bundle 12 curves slightly toward them (Fig. 13) 
The indentation becomes deeper, and a definite splitting region is 
visible where the epidermis and the chlorophyll-beanng cells have 
entirely broken down Remnants of their cell walls and contents 
still exist, but are unattached Four or five rows of cells inward, 
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and directly opposite the indentation, a region of compression begins 
at nght angles to the split At first it consists of but four or five 
cells whose side walls are being pushed together (Fig 14) 

Farther down, bundle 12 continues its curve and joins bundle Il¬ 
ls (Fig 15) The entire leaf becomes extremely shrunken, with its 
exterior scalloped, and the indentation is deeper (Fig 16) The region 
of compression now covers an area of 12 to 15 by 6 to 8 cells The 
large central parenchyma cells also show shrinkage The split in¬ 
creases as more of the central cells break down, and its outermost 
walls are now composed of w'hat were previously inner cortical cells 
No chlorophyll-bearing cells remain in the region of the split, they 
are confined to the two “lips” of the indentation (Figs 17-18) 

In Figure 19 the split is now so deep that the leaf edges are be¬ 
ginning to turn away from each other The outer surface is straighten¬ 
ing out, and there are few'er scallops m it The cells inside the leaf 
arc still greatly shrunken Stomata and guard cells appear for the 
first time on the epidermis of the newer split surface They open 
into air spaces, and the guard cells are thin-walled (Fig 20) The 
split increases in size rapidly The epidermis covcnng the outside 
of the leaf is greatly shrunken, and m many places its cell walls are 
partly torn and ragged One "lip” or side of the leaf straightens 
out much faster than the other The inner parenchyma cells con¬ 
tinue to break down as the split increases, and those immediately 
bordering on the indentation have become almost uniform m size 
There is still a very definitely compressed area in the leaf center, 
but it is narrower A row of chloropliyll-beanng cells is beginning 
to form along the split region, being found first at the two "lips” 
and extending inward for 6 to 9 cells There are also several scattered 
chlorophyll cells nearer the central part of the split (Figs 21 22) 
In Figure 23 a new small bundle, number 14, is given off from 
number 5 A secondary indentation occurs in the already split sur¬ 
face, allowing the leaf side, which is slower m straightening, to swing 
out more rapidly The broken cortical cell walls are clearly visible 
The compressed area has almost disappeared, but the central cells 
are still shrunken The entire leaf becomes thinner, with the sides 
straightening rapidly (Figs 24-25) Chlorophyll has appeared in a 
single layer of cells along the split area a third of the way from each 
side The shrinkage in the central cells is gone, and the cell walls 
are again rounded out (Fig 26) 
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Farther down, a new small bundle, number 15, arises from 
number 4, and bundle 14 curves laterally and unites with number 
6 There are still but a few scattered chlorophyll cells along the very 
center of the split The sides continue to straighten, and the vascular 
bundles become centered m the leaf width (Fig 27) The leaf is 
nearly flat, with but one side still crooked over The line of chloro- 
phyll-beanng cells, except for the very central region, is now com¬ 
pletely along the split surface There is no cell shnnkage in the 
leaf center or the straightened side, and but a very little in the crook 
A new bundle, number 16, is formed from bundle 1, making 5 large 
and 8 small bundles, or a total of 18, in the region whore the serial 
sections were discontinued (Fig 28) 

About 1 cm below the splitting region a few transverse sections 
were made, 6 large bundles and 8 small ones are found The chloro- 
pbyll-beanng cells form a complete layer, one cell thick, along the 
newly formed surface The epidermal cells on the newer side, com¬ 
posed of the previously internal cortical tissue, are still much larger 
than those on the older surface All the leaf at that point is almost 
flat (Fig 29) Sections taken from 7 cm below this region and 
throughout the rest of the basal leaf portion show a general anatomy 
similar to one another There are 13 large bundles, with 14 small 
alternating ones The two epidermal layers are the same size, and 
the sides of the leaf are entirely straightened (Fig 30) 


SUMMARY 

1 An Urginea mantima leaf is solid and round at the tip and 
flat and nbbonlike throughout the basal portion 

2 The distance of the region of splitting from the tip of the 
leaf vanes greatly with individual leaves 

3 The split is lysigenous rather than schizogenous and extends 
from one epidermis into the parenchymatous intenor of the leaf 

4 The Bides formed by the split swing out, and the entire leaf 
thins transversely and elongates 

5. Just before the splitting commences the leaf haa 5 large vas¬ 
cular bundles and 6 small alternating ones Where the split is com¬ 
pleted, there are 5 large and 8 small bundles The entire 
portion, from 7 cm below the split, has 13 large and 14 small alter¬ 
nating bundles 
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6 The vascular bundles are collateral with the endarch xylem 
innermost 

7 The epidermal cells on the newly split surface of the leaf are 
formed from previously internal parenchyma cells 

University op Michigan 
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VEGETATION OF THE PORCUPINE MOUN¬ 
TAINS, NORTHERN MICHIGAN 

PART II FLORISTICS 

HENRY TOWNSEND DARLINGTON 

A DESCRIPTION of the region of the Porcupine Mountains, 
including location, physiography, climate, and some statement 
of early biological work, appears in Part 1 (4) which is devoted to 
the ecology of the area A somewhat more spec ifie account of early 
botanical work m the area will now be given As early as 1845 
Wm A Burt, a land surveyor, working in cooperation with C T 
Jackson, United States geologist for the mineral lands of Michigan, 
made a township-line suivey over an area including the Porcupine 
Mountains Though not a botanist, he took the opportunity of 
collecting plants on his various expeditions In a report on the 
geology of the region Jackson (5) includes a “catalogue of the plants 
collected by Wm A Burt, Esq, in the primitive region south of 
Lake Superior in 1846 ’’ The plants were collected between lat 
45°53' and 46°45' N and were identified by Dr Dennis Cooley, a 
pioneer botanist of the state The catalogue “embraces such plants 
as may be found in many parts of the survey, and most of them in 
nearly every township ” This list, which includes 169 vascular plants, 
has been ascribed to the Porcupine Mountains, but the survey covered 
a much larger area, and township designations given for each species 
show that the plants were mostly collected south of the Porcupines 
Some account of the biological expedition sent out by the Uni¬ 
versity of Michigan in 1904 was given in Part I The repprt of this 
expedition (7) contains descriptions of the habitats of the various 
biota observed Many of the commoner species of plants, especially 
those of ecological importance, are mentioned Dr Ruthven listed 
seventy-eight species of vascular plants and thirteen of lichens 
During a part of the summer of 1922 the writer spent some weeks 
making an ecological survey of the mountains, and m the following 
summer revisited the region, accompanied by Dr E A Bessey of 

88 
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Michigan State College, dunng which time additional specimens were 
collected Nearly the entire month of August was Bpent m studying 
the vegetation and also in the exploration of some localities not visited 
the previous summer On account of the lack of roads and trails 
and the very rough topography the major part of the collecting wbb 
done in the general region around Caip Lake, close to which head¬ 
quarters were established m a deserted mining cabin Carp Lake 
is merely a broadened portion of Carp River, which flows in a general 
southwesterly direction, emptying into Lake Superior 

Opportunity was found to explore the upper readies of this nver, 
to follow it to the I^ake Superior shore, to investigate the vegetation 
around Little Carp Lake and the mouth of Little Carp River, to 
visit Government Peak, the highest point of the region, and to exam¬ 
ine the shore of Lake Superior from Union Bay west for several 
miles 

The mam range of hills (referred to in this paper as the "ridge” 
or the "range”) lies just north of Carp Lake, nearly paralleling the 
Lake Supenor shore line for a distance of at least 10 kilometers. 
The area between this range and the shore, as well as that to the 
south, ib covered with a climax forest of hemlock and sugar maple 

Many types of habitat may be found within the area studied. 
Some of the most interesting are those at or near the top of the 
cliffs bordenng the range and on the broad talus areas on the north 
side of the escarpments The forested region was much more easily 
examined, as was also the Lake Supenor shore from Union Bay west. 
On account of its accessibility the valley of Carp River was given 
much more attention than that of any other stream 

It is realised that the appended list of plants is not complete, 
especially for the entire area included within the range of the Por¬ 
cupine Mountains It is believed, however, that it represents a 
fairly accurate cross section of the vegetation of the region The 
nomenclature follows that of Qray'a Manual, Seventh Edition, ex¬ 
cept in the case of certain species for which research has shown that 
the older names are invalid. The writer has taken a conservative 
attitude in regard to the adoption of names given to segregates of 
well-established species 

Certain species are included which were reported by Ruthven 
in 1904 and by Dr. Norman Fassett, of the University of Wisconsin, 
in 1929. These have not been seen by the writer. The species of 
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Rubus collected were named or verified by Dr L. H Bailey, of Ithaca, 
New York, those of Equisetum, by Dr J. H Schaffner, of Ohio 
State University 

The second summer’s work was made possible by funds provided 
by the Michigan Geological and Biological Survey The writer wishes 
to express his appreciation of the aid rendered by Dr A G Ruthven, 
at that tune chief naturalist of the Survey and director of the Museum 
of Zoology of the University of Michigan 

PTERIDOPHYTA (FERNS AND FERN ALLIES) 

1 Ophioglossaceae (Adder's-Tongue Family) 

Bothychium matricariaefolium A Br (B ramo8um of Gray's 
Manual) — Grape fern Occasional in moist woods 
Botrychittm ternatum (Thunb) Sw var intermedium D. C 
Eaton — One specimen in open woodland 
Bothychium virginianum (L ) Sw — Rattlesnake fern Frequent 
in moist maple woods 

2 Osmundaceae (Flowenng-Fern Family) 

Osmunda regaxis L var spectabilis (Willd) Gray (Osmunda 
regahs of authors See Rhodora, 21 176 1010) —American 
royal fern. Common. 

Osmunda Claytoniana L —Low ground, frequent along Carp 
River; the commonest species 

Osmunda cinnamomea L —Cinnamon fern Low ground 
3. Polypodiaceae (Fern Family) 

Woodsia iLVENsis (L) R Br. — Common on bluffs of the mam 
range 

Woodbia Cathcabtiana Robinson — Plants agreeing more or less 
closely with the description given for this species are ve^y common 
in the Porcupine Mountains However, forms occur which have 
exactly the habit of W. oregano Specimens were sent to Dr 
C. A. Weatherby of the Gray Herbarium who, after carefully 
comparing them with W oregana from other sections, is inclined 
to believe that W. Cathcartiana may eventually prove to be a 
localised variety of the former species. Dr N. C Fassett found 
specimens of this group in whioh the spores were abortive. 
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Cystopterib bulbifera (L ) Bcrnh — Bladder fern Upper reaches 
of Carp River 

Cystopterib fragilis (L ) Bernh — On shaded roeks, frequent 
Pteretib noduloba (Michx) Nieuwl ( Onoclea Struthiopteris of 
authors) —Ostrich fern Moist ground, frequent 
Onoclea bknsibilib L — Sensitive fern Low ground, common 
Thelyptehis Dryoftehis (L) Slosson {Phegoptens Dryoptens (L ) 
Fde) —Oak fern Maple woods, frequent For discussion of 
generic name Thelyptens see Rhodora, 21 173 1919 
Thelypterib hexagonoptera (Michx) Weatherby ( Phegoptens 
hexagonoplera (Michx) F4e) —Beech fern Along streams m 
hemlock forest 

Thelypterib Phegoptehis (L) Slosson ( Phegoptens polypodtotdes 
F6c) — Long beech fern Moist banks in hemlock forest 
Thelypterib palubtris (Sahsb) Schott var pubebcens (Lawson) 
Femald (Aspidium Thelyptens (L) Sw See Femald, Rhodora, 
31 34 1929) — Marsh shield fern Flood plain of Carp River, 
common 

Thelypterib fraghanb (L) Schott {Aspidium fragrans (L) Sw) — 
Fragrant shield fern Under rock ledges 
Thelypterib Goldiana (Hook) Nieuwl ( Aspidium Goldtanum 
Hook ) — Goldie’s fern Seen at one point along Carp River 
Thelypterib Filix-mab (L) Nieuwl ( Aspidium Filix-mas (L) 
Sw ) — Male fern Rocky woods, occasional 
Thelypterib cristata (L) Nieuwl —Swamp shield fern Low 
ground 

Thelypterib bpinulosa (0 F Mali) Nieuwl — Along wood road 
from Union Bay 

Thelypterib bpinulosa var intermedia (Muhl) Nieuwl — Wood 
fern One of the commonest ferns in the climax maple forest 
Polysttchum Lonchitis (L) Roth. — Holly fern On rocky 
summit of north range, occasional 
Polybtichum braunii (Spenner) F6c var Purshii Femald {Poly- 
shchum Braunii of American authors See Femald, Rhodora, 
30 28-30 1928) —Braun’s holly fern Rocky woods, occa¬ 
sional 

Athyrium acrostichoides (Sw) Diels (Asplemum acrostichoides 
Sw) —Silvery apleenwort Base of rocks near Little Carp 
Lake, apparently not common 
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Athykium angubtum (Willd) Prosl (Asplenium Fihx-foemina of 
authors) —Lady fern In hemlock forest, common 

Abplenium Tkichomaneb L — Maidenhair spleenwort Crevices 
and ledges of rock, frequent 

Fellaka glabella Mott — Cliff brake Collected by Dr G H 
Conklin in 1932 

Adiantum pedatum L — Maidenhair fern Frequent in maple woods 

Pteridium latiusculum (Desv ) Hieron (Pterts aquihna of authors) 
— Common brake Frequent 

Polypodium virginianum L (P vulgare of authors See Rhodora, 
24 125 1922) — Common polypody Common on talus slope 
above Carp River 

4 IsottTACEAE (Quillwort Family) 

IboEteb macrospoha Dur - Quill wort In shallow water, margin 
of Carp Lake 

Ibo&tes echinospora Dur var Braunii (Dur) Engclm — Carp 
Lake, with the preceding species, frequent 

5 Eqitisetaceae (Horsetail Family) 

Equisetum arvense L — Common horsetail Gravelly open soils 

Equisetum pratense Ehrh — Meadow horsetail Rock crevices 
and shores 

Equisetum bylvaticum L — Wood horsetail Frequent m moist, 
shaded situations Checked by Dr J H Schaffner This is the 
smooth much-branched form, which Dr M L Fernald has 
called E sylvaticum L var pauciramosum Milde f multiramosum 
See Rhodora , 20 131 1918 

Equisetum limosum L (E flumatile of Gray*8 Manual See Rhodora , 
23 43 1921) — Pipes Along Carp River 

Equisetum hyemale L —Reported by Rutliven (7) about the 
shores of Carp Lake Undoubtedly one of the American varieties 
of this species 

Equisetum laevigatum A Br — Smooth scouring rush Lake 
shores 

Equisetum varikgatum Schleieh —Sandy soil along margins of 
Carp River Valley, occasional 

Equisetum scirpoides Michx — Dwarf horsetail Dry banks m 
woods; occasional 
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6 Lycopodiaceae (Club-Moss Family) 

Lycopodium Selago L —Reported as “common in the aspen 
zone” (Ruthven, 7) 

Lycopodium lucidulum Michx — Frequent in the hemlock forest 

Lycopodium annotinum L — Common in the hemlock forest. 

Lycopodium clavatum L — Club moss Hemlock woods, occa¬ 
sional 

Lycopodium obscurum L var dendroideum (Michx) D C Eaton 
— Ground pine Woods, frequent 

Lycopodium complanatum L —Trailing Christmas green Wooded 
ndges in rather dry soil, occasional 

Lycopodium tristachyum Pursh —Dry soil, summit of range, 
occasional 


7 Selaoinellaceae (Selaginella Family) 

Selaginella rupestris (L) Spring — Dwarf club moss Forms 
thick mats on rocky summit of range; common 


SPERMATOPHYTA (SEED PLANTS) 

8 Taxaceae (Yew Family) 

Taxus canadensis Marsh — Ground hemlock Yew Woodland 
streams 

9 Pinaceae (Pine Family) 

Pinub Stbobub L — White pine Straggling specimens of this pme 
occur along the Lake Supenor shore, as well as along the main 
range near the top. It is not common m the climax forests of 
hemlock and maple Occasionally, however, a few very large 
trees may bo found towering above the rest of the forest. The 
presence of these few trees in the climax is probably to be ex¬ 
plained by the existence of very large windfalls at one 
which permitted the young trees to have light for a sufficient 
to compete successfully with the climax trees of the 
neighborhood There is no evidence to show that these trees 
formed a recent developmental stage of the sere 

Pinus resinosa Ait — Red pme Often called “Norway pine” in 
Michigan Found in xenc situations on the higher southern 
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slopes, and occasionally along the Lake Supenor shore. It is 
fairly common along the top and the south side of the north 
range, usually much dwarfed at the summit Not found as a 
constituent of the climax forest (Sec PI V, Fig 2; PI. VI, Fig 2) 

PiNUB Bankbiana Lamb — Gray pine “Jack pine ” Sterile soil, 
apparently infrequent m the Porcupines 

Larix laricina (Du Roi) Koch — Tamarack Boggy ground in the 
river valleys 

Picea canadensis (Mill) BSP — White spruce Occasional along 
the margin of Carp River Valley Small trees along the Bhore of 
Lake Supenor, rarely in openings in the hemlock forest. 

Picea mariana (Mill) BSP — Black spruce Boggy ground, 
occasional 

Tsuga canadensis (L) Carr — Hemlock This is the commonest 
tree of the lower elevations and the dominant species on the 
northwest slope of the first range (PI V, Fig. 1) In places it 
occurs in almost pure stands, forming dense forests which only a 
few other tree species are able to invade In 1923 a fire destroyed 
several square miles of hemlock forest on the north side of the 
range 

Abies balbamea (L) Mill — Balsam fir Seedlings and immature 
trees occur in the sunnier parts of windfall areas in the lower 
climax forest, also along the shore of Lake Supenor 

Thuja occidentaus L —Arbor vitae White cedar Common 
and often large along the shore line of Lake Supenor Dwarfed 
specimens are not uncommon in rock crevices 

Juniperus communis L var Montana Ait — Common on ledges 
and exposed rock On the rocky summit of the range, where 
weather conditions are severe, it forms dense, closely appresBed 
mats. 

Juniperus communis L var DBPRESSA Pursh. — Low juniper 
Occasional on Bummit of range. 

10 Typhaceah (Cattail Family) 

Typha datifolia L — Broad-leaved cattail Low ground 

11. Spaboaniaceae (Bur-Reed Family) 

Spabganium eurycabfum Engelm. — Large bur reed. Common 
along Carp River. 
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Sparganium americanxtm Nutt — In Carp Lake 

Sparganium fluctuans (Morong) Robinson — Floating bur reed 
Leaves sometimes 10 15m long Little Carp Lake 

12 Najadaceab (Pondweed Family) 

PotamoqEton natans L — This and the following species more or 
less common in Carp Lake 

POTAMOGETON AMFLIF 0 LIU 8 Tuckcrm 

POTAMOGETON GRAMINKUB L V»r GRAU1N1FOLIUB FnPS (P hetero- 

■phyllus of authors flee Rhodora, 23 189 1921) 

POTAMOGETON PRAELONGTTS Wulf 

Potamogeton Richardbonii (Benn) Rydb — The specimens 
collected had the well-developed stipules of P Richardsomi, but 
the obtuse leaves of P perfoltcUus 

Potamogeton epihydrus Raf var Nuttallii (C. & S.) Fern 

Potamogeton zosterijokmis Fernald (P zostenfalius of Gray's 
Manual See Fernald, Mem Am Acad Arts and Set , 17, Pt 
I, p 37 1932) 

Potamogeton obtusifoliub Mert & Koch — Infrequent 

Potamogeton pusilmts L — The specimens examined included var 
typicvs and var mucronatus (Fieber) Graebner 

Najab F1.EXIUB (Willd) Rostk & Schmidt — Common in Carp 
River 

13 Alismataceae (Water-Plantain Family) 

Sagittarxa lattfolia Willd f gracilis (Pursh) Robinson — Ap¬ 
parently the commonest form 

Sagittarxa heterophylla Pursh — The form known as var ngtda 
found at Little Carp Lake 

14 Hydrochantaccae (Frog’s-Bit Family) 

Vallisnbria americana Michx (sec Rhodora, 20.109 1918) — 
Tape grass ‘ ‘ Forms extensive mats m Carp Lake ” (Ruthvcn, 7) 

15 Cyperaceae (Sedge Family) 

Dulxchivm arundinaceum (L) Bntton — Common in wet open 
ground 

Elbocharib obtuba (Willd) Schultes — Low ground, e^m m^ n 
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Eleocharis palustris (L ) R & 6 — Common spike rush Carp 
River The mature akenes of the material found are more nearly 
the shape of those of E SmaUu Britton, but some other charac¬ 
ters do not check for this species See Feniald and Brackett, 
Rhodora, 31 57-77 1929 

Eleocharis acicularis (L) R & S (see Svenson, Rhodora, 31 183- 
187 1929) — In Carp River, often with long submersed leaves 
Scirpus ACUTUS Muhl (Scirpus occidentals (Wats) Chase See 
Rhodora, 22 55 1920) — Bulrush Common 
Scirpus atrovirens Muhl var georoianus (Harper) Femald 
Scirpus cyperinus (L) Kunth var pklius Femald — Wool grass 
Flood plains, common Reported simply as C cypennus in 
Part I 

Mariscus mariscoides (Muhl) Kuntze ( Cladium manscoides 
(Muhl) Torr Sec Rhodora, 25 49 1923) —Twig rush Low 
ground, occasional 

Carex tribuloidks Wahl — Low ground 

Carex projecta Mackenzie (C tribuloides Wahl var reducta 
Bailey See Bull Torr Bot Club, 35 264 1908) —Necklace 
sedge Woodland swales 

Carex Crawfordii Fernald — Moist ground, frequent 
Carex mirabilib Dewey — Along wood road from Union Bay 
Carex adusta Boott — Dry soil on main range, frequent 
Carex angustior Mackenzie (C stellulata var angustata Carey) 
— The writer is indebted to Dr M L Fernald, of Harvard 
University, for identification of this species 
Carex interior Bailey (C snrpoides of Gray’s Manual) — In 
eedar swamps 

Carex canebcenb L var disjuncta Fernald — Low ground 

Carex brunnescenb (Pers ) Poir — Cedar swamps 

Carex Deweyana Schwem — Dry open ground 

Carex trisperma Dewey — Cedar swamps 

Carex tenella Schk — Same locality as for the preceding species 

Carex rosea Schk — In wooded areas 

Carex vulpinoidea Michx —Low ground, common 

Carex stipata Muhl — Low ground 

Carex crinita Lam var gynandra (Schwem) Schwem. & Torr. 

— Low ground Reported simply as C crinita in Part I 
Carex lenticularis Michx — Low ground 
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Cabex stricta Lam — Flood plain, Carp River 
Carex leptalea Wahl — Cedar swamps 
Cabex umbellata Schk — Dry ground along main range 
Cabex communis Bailey — Same situation as for the preceding 
species. 

Carex laxiflora Lam — Wood road from Union Bay 
Cabex laxiflora Lam var patulifolia (Dewey) Carey 
Carex laxiflora Lam var blanda (Dewey) Boott 
Carex Oederi Rets var pumila (Cosson & Germain) Feraald 
— Wet shores; frequent Reported simply as C Oedert in Part I. 
Carex arctata Boott — Maple woods, occasional 
Carex debilis Michx var Rudgei Bailey — Wooded areas 
Carex scabrata Schwein — Low ground. 

Carex lasiocarfa Ehrh (C fihfonms of Gray's Manual ) — 
Common 

Carex Houghtonii Torr — Dry soil on mam range, occasional 
Carex bipabia Curtis var lacustris (Willd) Ktiken —Low ground 
Carex Pbeudo-Cypebus L — Low wet ground 
Carex retrorsa Schwein — Low ground, common 
Carex intumebcens Rudge — Low ground in woods, occasional 
Carex robtrata Stokes var. utriculata (Boott) Bailey —Low 
ground 

Carex Tuckebmani Dewey — Low ground, occasional. 

16 Gramineae (Grass Family) 

Bromub Kalmii A Gray — Summit of range, occasional 
Bbomub ciliatus L —Wood chess Margins of wooded areas, 
frequent 

Schuachne purpubascens (Torr ) Swallen (Melica striata of authors 
Avena Torreyi Nash Bee Hitchcock, Manual of the Grasses of 
the United States, p 206. 1935) — False melic 
Melica Smithii (Porter) Vasey (Avena Smithu Porter). — Smith's 
melic. In maple woods; occasional. 

Febtuca elatior L — Tall fescue grass Introduced m places. 
Festuca ovina L. — Sheep fescue. Dry open ground; occasional. 
Febtuca occidentals Hook —Western fescue grass Rocky 
ground, occasional 

Glycebia canadensis (Michx) Trin — Rattlesnake grass. Flood 
plain of Carp River, common. 
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Glycbria striata (Lam) Hitchc ((? nervata of Gray’s Manual) 
— Fowl manna grass Low, wet ground, common 
Glycebia neogaea Steud (G Femaldn (Hitchc ) St John G pal¬ 
lida var) — Margin of Carp Lake 
Glyceria borealis (Nash) Batchelder — Low ground 
Poa PALUSTRis L (Poa tnflora of authors See Rhodora, 18 235. 

1916) — Fowl meadow grass Wet ground 
Poa PRATENBis L — Kentucky bluegrass Summit of range and 
around clearings, frequent 

Poa anntta L — Dwarf meadow grass An occasional introduction 
Poa OOMPRESSa L — Canada blupgrass Summit of range and 
around clearings, frequent 

Phragmites communis Tnn — Reed grass Little Carp Lake 
Dactylib glomerata L — Orchard grass Introduced m places 
Agropyron repens (L ) Beauv — Quack grass Introduced in 
places 

Agropyron caninum (L) R & S (A subsecundum (Lank) Hitchc 
See Hitchcock, Manual of the Grasses of the United States, p 237 
1935) — Bearded wheat grass Dry soil on summit of range 
The form with short awns also occurs, evidently var tenerum 
(Vasey) Peace & Moore (see Rhodora, 12 • 61 1910) 

Elymus virginicus L —Wild rye Low ground, occasional 
Elymus ripariub Wiegand (see Rhodora, 20 81 1918) — Woods, 
infrequent 

Elymus canadensis L — Low ground, infrequent 
Asperella Hystrix (L) Humb (Hystrut patula of authors; H 
Hysbrtx (L.) Millsp) — Bottle-brush grass Maple woods, occa¬ 
sional 

Hordeum jubatum L — Squirreltail grass At Union Bay 
Deschampsia caespitosa (L) Beauv var glauca (Hartm ) Lindm 
(see Femald, Rhodora, 28 154 1926) —Rock crevices along 
Lake Superior shore, common 

Danthonia spicata (L) Beauv — Poverty oat grass Dry soil, 
s umm it of range; common 

Calamagrostib canadenbis (Michx) Beauv —Bluejoint grass 
Rood plains, common 

Agrostib btolonitera L. — Red top An occasional introduction 
Agrobtib perennanb (Walt) Tuckerm —Thin grass Autumn 
bent In dry ground, especially "bums ” Occasional 
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Agrostis hyemalis (Walt ) BSP — Hair grans Occasional 
Cinna latifolia (Trev) Gnseb — Slender wood grass Low 
ground, frequent 

Spohobolus chyftandrus (Torr) A Gray — Sand dropseed Dry 
ground near summit of range, occasional 
Phleum pratense L — Timothy Introduced in places 
Muhlenbergia folios a Trin — Satin grass Frequent in moist soil 
Muhlenbergia uniflora (Muhl) Fcmald (Sporobolus umflorus 
(Multi) Scnb & Mcrr Sec Hitchcock, Manual of the Grasses 
of the United States, p 367 1935) — Low ground, infrequent 
Dilepykum erectum (Schreb) Farwell ( Brachyelytrum erectum of 
authors) — Bearded short husk Maple woods, frequent 
Milium effusum L — Tall millet grass Frequent m maple woods 
Oryzopsis pungens (Torr) Hitchc — Dry ground, summit of 
range 

Oryzopsis asperifolia Michx — Gravelly soil, south Rlope of 
range, frequent 

Phalaris arundinacea L — Reed canary grass Border of Carp 
Lake* 

Leersia oryzoides (L) Sw — Rice cut-grass Moist ground, in¬ 
frequent 

Panicum capillare L — Old witch grass Wood road from Umon 
Bay 

Panicum depaupehatum Muhl var psilophyllum Fcmald 
— Summit of range, frequent 

Panicum subvxllosum Ashe — Same situations as for the preced¬ 
ing sppcies The writer is indebted to Dr M L Femald for the 
identification of this and the preceding species 
Panicum linkahifolium Scnbn — Dry ground, summit of range 
Panicum prabcociub Hitchc & Chase —With the preceding species 
Panicum xanthophysxjm A Gray — Diy ground, occasional 
Setaria lutescens (Weigel) Hub — Yellow bnstle grass Occa¬ 
sional as an introduction 

Setaria viridis (L) Beauv — Green bnstle grass Old camp sites 
17 Araceae (Arum Family) 

Aribakma triphyllum (L) Schott — Indian turnip Low ground 
in woodlands, occasional 

Calla palubtris L — Water arum Observed along Carp River 
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Symplocarpus foetidus (L ) Nutt — Skunk cabbage Reported 
an “occasional in alder tlwkets along Carp River” (Rutinen, 7) 
Acorus Calamus L — Sweet flag Low ground 

18 Lemnackae (Duckweed Family) 

Lemna trisulca L — In small tributary of Carp River, one place 
Lemna minor L — In Carp River 

19 Eriocaulaceae (Pipewort Family) 

Eriocaulon beptangularb With (E artirulalnm of Gray’s Manual) 
— Pipewort Lake shores 

20 Juno ace ak (Rush Family) 

Juncub effusus L var Pilaei (Leharpc) Femald & Wiegand 
— The writer is indebted to Dr K M Wiegand of Cornell 
University for the identification of this variety Low ground 
Juncus bufonius L —Moist open ground, occasional 
Juncus tenuis Willd — Wire grass Along old trails 
Juncus Dudlevi Wiegand —Rock crevices along Lake Superior 
shore 

Juncus brevicaudatub (Engelm ) Fernald — Lake shores 
Juncus canadensis J Gay —“In shallow water about the shore 
of Carp Lake” (Ruth veil, 7) list 
Juncus pelocarpus Mey — Vicinity of Little Carp Lake 
Juncus nodosus L — Shore of Lake Superior 

21 Liliaceae 

Uvularia grandiflora Sm — Large bcllwort Gravelly soil on 
main ridge, frequent 

Oakesia sebsilifolia (L) Wats — Maple woods, occasional 
Allium tricoccum Ait — Wild leek Woods, occasional 
Lilium canadknse L — Wild yellow lily Low ground,, occasional. 
Clintonia borealis (Ait) Raf — Low woods, frequent 
Smilacina racemosa (L) Desf — False Solomon’s seal Rocky 
woods. 

Maianthemum canadense Desf — False lily-of-the-valley Woods, 
frequent 

Streptopus amplexifolius (L) DC — Woods, not common 
Streptopus roseus Michx — Twisted stalk Woods, frequent 



46 Henry Townsend, Darlington 

Polygonatum pubebcenb (Willd) Pursh (P biflorum of Gray’s 
Manual ) — Solomon’s seal Carp River Valley 
Trillium grandiflortjm (Michx) Sahsb — White tnllium Maple 
woods, common 

Trillium declinatum (A Gray) Gleason — Woods, occasional 
Smilax herbacea L — Carrion flower Low open ground 
Smilax ecirrhata (Engelm) Wats — Woodland borders, occa¬ 
sional 

22 Iridaceae (Ins Family) 

Iris versicolor L — Larger blue flag Low ground 
23 Orchidaceae (Orchid Family) 

Cypripedium acaulb Ait —Pink moccasin flower Low woods; 
occasional 

Habenaria bracteata (Willd) R Br —Low ground; not common 
Habenaria hyperborea (L) R Br — In mucky bogs or “cedar 
swamps”, occasional (See PI VI, Fig 1) 

Habenaria dilatata (Pursh) Gray — Same habitat as for the 
preceding species, rare 

Habenaria obtusata (Pursh) Richards — In bogs, occasional 
Habenaria orbiculata (Pursh) Goldie (sec Rhodora, 35 398.1933). 

— In tamarack swamp; infrequent 

Habenaria lacbra (Michx ) R Br — Flood plain of Carp River, 
rare 

Habenaria psychodes (L.) Sw. — Purple fringed orchis. In 
swamps; frequent 

Spiranthes cernua (L) Richard var ochroleuca (Rydb.) Ames 

— Collected on bluffs by Dr Fassett 

Epipactis repens (L) Crants var ophioideb (Femald) A A. 
Eaton —Rattlesnake plantain Occasional in the hemlock 
forest 

Epipactis tesbblata (Lodd) A A Eaton — Rattlesnake plantain. 
Woods, occasional 

Epipactis decipienb (Hook ) Ames. — Vicinity of Little Carp Lake. 
Listera convallarioideb (Sw.) Torr — Woods, not common. 
Corallorrhiza tripida Chat — Woods, not common 
Coballorrhiza maculata Raf — Coralroot Woods; frequent 
Malaxib unipoua Michx (see Bntton and Brown, Illustrated Flora, 
Edition 2, 1 : 571). — Low ground, shore of Carp Lake. 
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24 Salicaceae (Willow Family) 

Populus tacamahacca Mill. (P balsamifera of authors See Jour n. 
Arnold Arb , 1 • 61 1919.) — Balsam poplar A few small speci¬ 
mens noted along the Lake Superior shore 
Populus teemuloides Michx — American aspen Common along 
the main range and Lake Superior shore. 

Populus grandidentata Michx — Large-toothed aspen Common 
on the talus slope below the first range 
Salix nigra Marsh — Black willow Lake shores 
Salix lucida Muhl —Shining willow Low open ground, common 
Salix pedicellaris Pursh — Bog willow Low ground 
Salix discolor Muhl — Low ground 
Salix petiolaris J E Smith — Frequent 

Salix humilis Marsh — Prairie willow In dry soil top of range 
and in rock crevices, Lake Superior shore 
Salix Bebbiana Sarg (S rostrata of Or ay’s Manual) — Woodland 
borders and lake shores 

25. Myricaceae (Sweet-Gale Family) 

Myrica Gale L — Sweet gale Low ground 
Myrica Gale L var bubglabra (Cliev ) Feroald (see Rhodora, 
16 : 167 1914) — Both the species and the variety found m the 
vicinity of Little Carp Lake, the former apparently less common 
than the latter. 

26 Betulaceab (Birch Family) 

Corylus cornuta Marsh (Corylus rostrata of Oray’s Manual) — 
Beaked haselnut On talus slope, in windfalls, and along Lake 
Superior shore, frequent. 

Obtrya virginiana (Mill) K Koch. — Hop hornbeam. Ironwood. 
In the hardwood forest, frequent 

Bxtula papyrifera Marsh — Paper birch. "White birch” of the 
Great Lakes region. A border tree of the hardwood forests and 
lakes. Also along the Lake Superior shore, common. 

Betula lutea Michx. f — Yellow birch This species is common 
in both the hemlock and the hardwood forests I believe (with 
Wiegand) that B. alleghemeims is to be classed as an ecological 
variant of B. lutea 
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Alnus crispa (Ait) Pursh — Green alder Near summit of the 
range, occasional 

Alnijs in can a (L) Moench — Speckled alder Low ground, com¬ 
mon in places 

27 Fagaceae (Beech Family) 

Quebcub bobealis Michx f (Q rubra L var ambigua (Michx f) 
Fernald See Sargent in Rkodora , 18 48 1916) —Northern 

red oak Summit of gravelly ndges, frequent All trees seen 
were small 

Quercus coccinea Muenchh —Scarlet oak Seen at one place along 
main ndge The specimen noted, a tree about 25 m tall, did 
not seem to be quite typical of the species, differing in the com¬ 
parative length of leaf lobes, angle of sinus, and unusually small 
size of cups The occurrence of tins group m northern Michigan 
needs further investigation 

28 Urticaceae (Nettle Family) 

Ulmus amerxcana L — American elm Apparently not common 
m the Porcupine Mountains 

Humulus Lupulus L — Hop Low ground, occasional 

Lapobtea canadensis (L) Gaud — Wood nettle Moist woods, 
occasional 

Urtica procera Mulil (U gracilis of authors See Rhodora, 28 : 
195 1926) — Common wild nettle Common in low ground 

Urtica Lyallii Wats — The specimens, collected by E A Bessey 
in the vicinity of Little Carp Lake, do not seem quite typical for 
the species 

29 Santalaceae (Sandalwood Family) 

Comandba umbellata (L ) Nutt — Bastard toadflax Dry soil on 
ndge. 

30 Aristolochiaceae (Birthwort Family) 

Abarum canadenbe L —Wild ginger. Along woodland streams; 
occasional 

31 Polygonacbae (Smartweed Family) 

Rumex Britannica L — Great water dock Flood plain of Carp 
River. 
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Rumex verticillatijb L. — Swamp dock Low ground 

Rum ex obtusifoliub L — Broad-leaved dock Introduced along 
woodland roads 

Rum ex Acetosella L — Sheep sorrel Introduced in places 

Polygonum aviculabe L — Knotweed Introduced along paths 
and roads 

Polygonum Douglasii Greene — Common in dry soil along summit 
of the range 

Polygonum amphibium L — Seen m Carp Lake, apparently not 
common 

Polygonum Muhlenbergu (Meisn) Wats — Flood plains, occar 
atonal 

Polygonum punctatum Ell (P acre var leptostachyum of Gray's 
Manual See Rhodora, 29 77 1927) — Water sin art weed Low 
ground, common 

Polygonum hydropiperoideb Michx —Low ground, occasional 

Polygonum Persicaria L — Lady’s thumb Introduced near 
Union Bay 

Polygonum cilinode Michx. — Fnnged bindweed Along the mam 
ndge in places 

32 Chenopodiaceae (Goosefoot Family) 

Chenopodium capitatum (L) Asch (Blitum capitatum L) — 
Strawberry blite At Union Bay 

Chenopodium hybmdum L — Maple-leaved goosefoot Upland 
wooded areas and along main ridge, occasional 

Chenopodium album L —Lamb’s quarters Introduced along 
wood roads, occasional 

33. Caryophyllaceae (Pink Family) 

Cerastium arvbnbb L —Forms mats on summit of range, fre¬ 
quent Evidently native 

Cerastium vulgatum L —Mouse-ear chickweed Introduced along 
wood roads 

Silene antirrhina L — Sleepy catchfly. Common m diy ground, 
summit of range 

34. Cbratopkyllaceab (Hornwort Family) 

Ceratophyllum dhmbrsum L. — Hornwort. Carp River; frequent. 
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35 Nymphaeaceae (Water-Lily Family) 

Nymphozanthus varieqatus (Englem ) Femald (Nymphaea amen- 
eana of authors See Rhodora, 21 183 1019). — In lakes, com¬ 
mon 

Nymphaea tuberosa Pame (see Rhodora, 18, 161 1916). — Speci¬ 
mens obtained m Carp River were first thought to be N odorata, 
but further studies suggested by Dr H S Conard have led the 
wnter to believe that the specimens collected aie N. tuberosa as 
that speoies is now understood 

Brasknia Schheberi Gmel — Water shield Carp River 

36 Ranunculaceae (Buttercup Family) 

Aquilegia canadensis L —Wild columbine. Frequent as a crevice 
plant in rocky situations 

Actaea alba (L) Mill — White baneberry Woodlands; frequent 

Actaea rubra (Ait) Willd — Red baneberry Maple climax; not 
common The majority of the plants seen had white fruits (f. 
neglecta (GiUman) Robinson) 

Corns gboenlandica (Oeder) Femald (C tnfolia of authors See 
Fernald m Rhodora, 31 136 1029) —Goldthread. Boggy 
ground m the climax forest, frequent 

Caltha palustbis L —Marsh mangold Wet ground; frequent 

Ranunculus aquatilis L var. capillaceus DC (Batraehium 
InchophyUum (Chaix) F Schultz) — Water buttercup. The com¬ 
mon species in Carp River. 

Ranunculus beptans L var. ovalxs (Bigel.) TAG. (R. Flam- 
mula var. reptans of Gray’a Manual See Rhodora, 10 * 135. 1917). 
— Muddy banks 

Ranunculus abortxvus L. — Maple woods; frequent 

Ranunculus becubvatus Poir. — Rough crowfoot. Along forest 
streams; frequent 

Ranunculub pknnbylvanicus L. f. — Flood plains; occasional. 

Ranunculus bepens L var. villosub Lamotte (see Rhodora, 21: 
169. 1919) — Creeping buttercup. Mouth of Little Carp River; 
apparently native, but not common. 

Ranunculus acbib L — Meadow buttercup. Introduced in places. 

Thalictrum dioicum L — Early meadow roe. Woods 

Thalictbum dabycarpum Fisch. & Lall. —Low ground; frequent. 
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Anemone canadensis L —Anemone Low ground, common. 

Anemone quinquetolia L — Wood anemone. Moist soil in wood¬ 
lands; frequent 

Hepatica amebicana (DC) Ker (H triloba of Gray's Manual 
See Rhodora, 19 45 1917) — Hepatica Open woods in gravelly 
soil; frequent 

Hepatica acutiloba DC — Acute-lobed hepatica. Apparently in¬ 
frequent 

Clematis yibqiniana L — Virgin’s bower Low ground; frequent. 

37 Berbebidaceae (Barberry Family) 

Caulophyllum thalictroioes (L) Michx —Blue cohosh Woods; 
occasional 


38 Papavkraceae (Poppy Family) 

Sanouinaria canadensis L —Bloodroot Maple woods, frequent 

39 Fumariaceae (Fumitory Family) 

Adlumia funoosa (Ait) Greene — Climbing fumitory Borders of 
hardwood forest, frequent 

Dicentra Cucullaria (L) Bemh — Dutchman’s Breeches Moist 
woodlands. 

Dicentra canadensis (Goldie) Walp —Squirrel com Maple 
woods 

Corydalis BEMPERViRENB (L ) Pens — Pink corydalis Open stony 
ground; occasional 

Corydalis aurea Willd. — Golden corydalis In burned areas 
along Lake Superior shore. 

40. Brabbicaceae (Mustard Family) 

Lepidium densiplortjm Schrad (L apelalum of Gray’s Manual). 
— Peppergraas. Introduced along wood roads; occasional 

Capbella Bubba-fastobis (L) Medic —Shepherd’s purse In¬ 
troduced in places. 

Brabsica arvensis (L.) Ktse. (Stnapts arvensts L) —Charlock 
mustard. Introduced at Union Bay 

Sisymbrium altibbimttm L (Norta dUtssima (L) Britton). — Tumble 
mustard. Sparingly introduced. 

Rorifa palubtrib (L.) Bess, var hispida (Desv) Rydb (under 
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Radicuta, Gray's Manual) — Marsh cress Along streams, occa¬ 
sional 

Barbarea vulgaris R Br — Yellow rocket Introduced along 
wood roads 

Cardamine pennbylvantca Muhl — Bitter cress Upper reaches 
of Carp River, occasional 

Ahabis Holboellu Hornem — Collected on summit of bluff over¬ 
looking Carp Lake 

Arabib hirsuta (L) Scop — Rock cress Bare rock along summit 
of range, frequent 

Arabib laevigata (Muhl) Poir — Rock cress Dry soil along main 
range 

Arabib brachvcarpa (TAG) Britton — Along summit of range: 
frequent 

41 Sarraceniaceae (Pitcher-Plant Family) 

Sarracenia purpurea L — Pitcher plant Peaty boiI along Carp 
River 

42 Saxifragaceae (Saxifrage Family) 

Mitella nuda L — Bishop’s cap Low woods, frequent 

Chrysosplenium americanum Schwern — Golden saxifrage. Low 
ground, occasional 

Rises cynosbati L — Wild gooseberry Maple woods, occasional 

Rises glandulosum Grauer — Fetid currant Low ground, occa¬ 
sional 

43 Hamamelidaceae (Witch-Hazel Family) 

Hamamslis virginiana L — Witch hazel Apparently scarce 

44 Rosaceae (Rose Family) 

Phybocarpub opulifolius (L) Maxim — Ninebark Exposed rock 
crevices along the mam range and the shore of La k e Superior, 
frequent 

Spiraea alba Du Roi ( Spiraea salicrfoha of Gray's Manual) — 
Meadowsweet Low open ground, common 

Fragaria virginiana Duchesne. — Common strawberry Crevices 
of rocks along Lake Supenor shore 

Fragaria vbbca L var Americana Porter — American wood straw¬ 
berry Bordering the maple climax along the mam range 
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Waldsteinia fragahioides (Michx) Tratt —Barren strawberry 
Dry open ground, infrequent 

Potentxlla palustrib (L ) Scop ( Comarum palustre L ) — Marsh 
cmquefoil Low ground 

Potentilla arouta Pursh — Dry hoiI, along summit of main range 
Potentilla norvegica L var hirsuta (Michx ) Lehm (P mom- 
pehemts of Gray’s Manual) — Bough cinquefoil Occasional 
Potentilla tbidentata Ait — Three-toothed cmquefoil A com¬ 
mon crevice plant along summit of range (var hirsvlifolia re¬ 
ported by Fassett) 

Potentilla canadensis L — Five-finger Dry soil on mam range 
Geum strictum Ait — Yellow avcns Moist open ground, frequent 
Rubub idaeub L var strigobus (Michx) Maxim (R * daeus var 
aeuleati88imu8 of Gray’s Manual See Rhodora, 21 89 1919) 
— Red rasplierry Open ground, common 
Rubus PARViFLORUB Nutt — Salmonlierry Abundant as second 
growth over forested areas This species has recently been 
divided by Dr M L Femald into a number of geographic 
varieties (See Rhodora, 37 348-441 1935 ) 

Rubus pubescens Raf (R tnflorua of Gray’s Manual See Rhodora , 
11 236 1909) — Dwarf rubus The form of this plant occurring 
along the rocky shore of Lake Superior is often very slender, 
with almost sessile terminal leaflets and narrower stipules than 
the usual form 

Rubus alleghenienbib Porter —Common lnghbush blackberry, 
abundant in dry open ground 

Rubub amnicolus Blanchard (included by authors under R per- 
gratus Blanchard See Rhodora, 8 170 1906) — The specimens, 
6-6 dm tall, mostly collected on talus slope along main ndge 
Rubub canadensis L — Open, well-drained ground, frequent 
Rubus sbtosus Bigel — Dry rocky ground The writer is indebted 
to Dr. L H Bailey for verification of this and the preceding species 
Rubub nigricans Rydb — Open ground, occasional 
Rubus hibpidus L — Running swamp blackberry Low ground 
Rubus flagellarib Willd (R procumbent of authors, R tnllosus 
of Gray's Manual) — Dewberry Along Lake Superior shore, 
occasional 

Agruionia gryposepala Wallr — Agrimony Dry soil in aspen- 
birch woodlands, occasional. 
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Agrimonia striata Miclix — Dry soil, occasional 

Rosa acicularis Lindl var rotunda Erlanson (see Pap Mich 
Acad Set, Arts and Letters, 5.84 1025 Included in R. aciculans 
var Bourgeauiana of Gray'e Manual) — On diy, exposed summit 
of the range or on talus slopes, with prostrate stems from the 
crevices of rocks Var Bourgeauiana apparently occurs also 

Rosa blanda Ait var glanduloba Schuette ( R blanda X acteu¬ 
tons, according to Rydberg in North Am FI, Vol 22 1018) — 
These specimens were examined by Miss Erlanson, who says that 
they have indications of a hybrid ongin in the abortive hipB 
The environmental conditions under which the plants grow are se¬ 
vere The stems are often long and crooked, adapting them¬ 
selves to the rock crevices The forms of this species found on the 
summit of the range are often only 3-4 dm high, approaching 
var hispida Farwell 

Rosa palubtrib Marsh (A Carolina of Gray’s Manual See Rhodora, 
20 01 1018) — Swamp rose Flood plains, frequent 

Prunus susquehanae Willd (P pumtla of Ruthven’s list See Rho¬ 
dora, 25 73 1023) — “On the upper beach of Lake Superior ” 

Prunus Pennsylvania L f —Pm cherry Dry ground, especially 
over “burnR ” 

Prunus virginiana L —Chokeeherry Margins of woodlands; 
frequent 

Prunus srrotina Ehrh —Wild black cherry Dry upland soil, 
frequent Small trees occur on talus slopes. 

Sorbub americana Marsh — Mountain ash Low ground; occa¬ 
sional 

Sorbus dumosa Greene (Pyrus sitchenns of Gray's Manual See 
Rhodora, 23 266 1021) — On talus slope of mam range E A 
Bessoy 

Malus pumila Mill —Common apple Introduced around old 
mining properties 

Aronxa melanooarfa (Michx) Bntton (Pyrus melanocarpa of Gray’s 
Manual) — Black chokeberry. Low open ground. This is the 
common form in Michigan. 

Amelanchier sanguinea (Pursh) DC (A. sptcata of Gray’s Manual). 
— Juneberry Dry ground, along mam ridge and talus dope 
E A Bessey 

Amelanchier humilib Wiegand — Low juneberry. Rooky summit 
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of ridge and talus slope Plants 6-0 or sometimes 12-15 dm 
tall The wnter is indebted to Dr K. M Wiegand for chocking 
this species 

Auelanchier laevis Wiegand — Moist ground inland, also along 
Lake Superior shore This species was included under Amdan- 
chter canadensis in Part 1 of this report 
Amelanchieb Florida Lindley — On summit of cliff Reported by 
Dr Fassett. 

Crataegus Boyntoni Beadle — On rocky ground along main range 
Specimens collected by E A Bessey in like situations are very 
similar to the preceding species, but appear to be closer to C 
straminea Beadle The leaves differ in being more truncate at 
the base, petioles less winged, and calyx lobes slightly glandular 
No opportunity was afforded to examine the flowers 
Crataegus Douglasii Lindley — Mouth of Carp River Seen only 
at this one place 

45 Fabaceae (Pea Family) 

Trifolium pratense L — Red clover Introduced, occasional 
Trifolium bepens L — White clover Along wood roads Intro¬ 
duced 

Trifolium hybridum L — Alsike clover Introduced at Umon Bay 
Trifolium aorarium L — Hop clover Along wood road 
Vicia Americana Muhl — Vetch Shore of Lake Superior 
Lathyrub maritimus (L) Bigel — Lake 8upenor shore, frequent 
Lathyrus ocrroleucus Hook — Wood roads, occasional 

46 Geraniaceae (Geranium Family) 

Geranium Bicknellu Britton — Dry ground along main ridge, 
occasional 


47 Oxalidaceae (Wood-Sorrel Family) 

Oxalis MONTANA Raf . (0 AcetoseUa of Gray's Manual Bee Rhodora, 
22:143. 1020). — Pink wood sorrel Woodlands, in moist soil, 
frequent 

48. Calutricbaceae (Water-Starwort Family) 

Calutrichb palustris L — Water starwort Muddy flats along 
Carp River. 
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49 Anacardiaceae (Sumac Family) 

Rhus typhina L — Staghorn sumac Dry open ground, frequent 

Rhus glabra L —Smooth sumac Occurs with the preceding 
species, occasional This has the appearance of being an eco¬ 
logical variant of the former, rather than a well-marked species 
Both forms occur as stunted plantR growing from rock crevices 

Rhus Toxicodendron L — Poison ivy Woodland borders, occa¬ 
sional 

50 Aquifoliaceae (Holly Family) 

Ilex vkrticillata (L) Gray —Winterberry Low open ground, 
frequent 

Nemopanthub mucronata (L) Trclease — Mountain holly Low 
open ground occasional 

51 Celastraceae (Bittersweet Family) 

Celabtrus scandens L — Shrubby bittersweet Along tahiB slope 
below mam range, occasional 

52 Aceraceae (Maple Family) 

Acer rubrum L — Red maple MoiBt open ground or border of 
woodlands, occasional 

Acer sacchahum Marsh — Sugar maple Dominant species of the 
climax maple forest (See Part I) 

Acer spicatum Lam — Mountain maple Moist ground along shores 
and in forest openings, common 

52 Balsaminaceae (Touch-me-not Family) 

Impatienb biflora Walt —Spotted touch-me-not Low ground 
along water courses 

54 Rhaunaceae (Buckthorn Family) 

Rkamnus alnifolia L’H6r. — Swamp buckthorn Carp River Val¬ 
ley, occasional 

Ceanothus ovatus Desf — Smaller redroot Dry rocky ground, 
especially in rock crevices Summit of main range and along 
Lake Superior shore, frequent This species was incorrectly 
called C amencanus in Part I 
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55 Vitaceae (Grape Family) 

Parthenocissus virACEA (Knerr) Hitchc —Woodbine On talus 
slope of main range, occasional 
Vitis vulpina L — Frost grape On talus slopes, occasional 

56 Tiliaceae (Linden Family) 

Tilia Americana L — Basswood Frequent m the climax forest 
Apparently the name “basswood" is more commonly applied 
to this tree in the Middle West, “linden” is commoner eastward 

57. Hypericackae (St John’s-Wort Family) 

Hypericum ellipticum Hook — Low open ground, common 
Hypericum boreale (Britton) Bicknell — Low ground, occasional. 
Hypericum mutilum L — Low ground, frequent 
Hypericum virginicum L — Low open ground, occasional 

58 Cistaceae (Rockrose Family) 

Helianthemum Bicknellii Fernald (H majus of authors See 
Rhodora, 21 36 1919) — On bluff, common 
Lkchea stricta Leggett — Dry ground along summit of range 
E A Bessey 

59 Violaceae (Violet Family) 

Viola cucullata Ait — Marsh blue violet Maple woods 
Viola fallens (Banks) Brainerd —Northern white violet Low 
ground 

Viola blanda Willd — Sweet white violet Moist ground m wood¬ 
lands, frequent 

Viola pubebcenb Ait — Downy yellow violet Bather dry ground 
Edge of woodlands near summit of range, frequent 
Viola eriocarpa Schwein ( V scabnuscula of Gray’s Manual See 
Butt Torr Bot Club, 38 194 1911) —Smooth yellow violet 
Viola canadensis L — Shore of Lake Superior Probably common 
in maple woods. 

Viola conbperba Beichenb — Dog violet. Low woods. 

Viola labradorica Schrank — Collected on bluffs by Dr Fassett 
Viola adunca J E. Smith (included in V. arenana of Gray’s Manual. 
See Rhodora, 15 * 106-111 1913) — Dry soil and rock crevices, 
Bummit of main range; frequent. 
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60 Thymelaeaceae (Leatherwood Family) 

Dirca palustris L — Leatherwood Maple woods, common. 

61 Elaeagnaceae (Oleaster Family) 

Sheperdia canadensis (L ) Nutt — Dry ground along summit of 
main range. 

62 Onagraceae (Evemng-Pnmrose Family) 

Ludwigja palubtris (L) Ell —Water purslane Mouth of Carp 
River. 

Epilobium angustifolium L —Fireweed Common on burned 
areas. 

Epilobium densum Raf —Vicinity of Little Carp Lake. E A 
Bessey 

Epilobium glandulosum Lehm var adenocaulon (Haussk.) Fer- 
nald (E. adenocaulon of authors See Bhodora, 20.34 1018). — 
Low ground; common Some of the plants seen appeared to be 
nearer var occidentals (Treleasc) Feroald 

Epilobium coloratum Muhl — Low ground, occasional. 

Oenothera biennis L var — Evening primrose Along summit of 
mam ridge, often as a crevice plant The rosette leaves of this 
form are bnear-oblanceolate, finely stngose on both surfaces The 
densely crowded capsules average 20 mm in length, tapering 
strongly from base to apex; seeds 1 3-1 5 mm long and 0 6-0.8 
mm wide Evidently this is not typical 0 bienntsL (See Bartlett 
m Bhodora, 15:52 1913.) 

Oenothera biennis L var. pycnocabpa (Atkins & Bart) Wiegand 
(see Bhodora, 15:83 1913) — In birch-aspen woods along mam 
range. 

Circaea latipolia Hill (E lutehana of Or ay'a Manual Bee Bhodora, 
17:222 1915) —Enchanter’s nightshade In maple climax; 
occasional. 

Circaea alpina L. — Along small streams in the climax forest. 

63. Haloragidaceae (Water-Milfoil Family) 

Mtriophyllum Farwellxz Morong. — The commonest species in 
Carp River 

Hippuhis vulgaris L. — Mare’s-tail. In Carp River. 
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64 Araliaceae (Ginseng Family) 

Aralia racemosa L —American spikenard Woodlands, occasional. 
Aralia hispida Vent —Bristly sarsaparilla Dry ground, especially 
over burned areas, common 

Aralia nudicaults L — Wild sarsaparilla Common m the hem¬ 
lock climax 


65 Umbelliferae (Carrot Family) 

Sanicula qreoaria Bicknell — Black Bnakeroot Moist ground m 
maple woods, apparently not common 

Hydrocotyls americana L —Water pennywort Along water 
courses, frequent 

Osmorhiza Claytoni (Miclix) Clarke —Sweet cicely In the 
maple climax, frequent 

Osmorhiza divaricata Nutt — Woods, occasional 

Cicuta bulbifera L — Slender water hemlock Common in low 
ground 

Sium suave Walt. (S cicntaefolium of Gray's Manual See Rhodora, 
17 131 1915). — Low ground, frequent 

Cryptotaenia canadensis (L.) DC — Honewort. Near Union Bay, 
apparently not common 

Heraclecm lanatum Miclix — Cow parsnip Introduced at Union 
Bay 

66 Cornaceae (Dogwood Family) 

Cornub canadensis L — Dwarf cornel Low ground in woodlands. 

Cornub BUQOSA Lam. — Round-leaved dogwood Gravelly hill¬ 
sides; frequent. 

Cobncs abperifoua Michx. — Rough-leaved dogwood Collected 
by Dr. Fassett 

Cornub stolonifera Michx —Red-osier dogwood. Low open 
ground; frequent. 

Cornub altbrntfolia L. f —Alternate-leaved dogwood Maple 
woods; frequent. 

67. Ericaceae (Heath Family) 

Monotropa uniflora L. — Indian pipe Moist woodlands, occa¬ 
sional 
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Monotropa Hypopitys L — Hairy pinesap Maple climax, occa¬ 
sional 

Chimaphila umbellata (L) Nutt var cibatlantica Blake (see 
Rhodora, 19 241 1917) — Pnnce’s pme Hemlock climax, occa¬ 
sional 

Pyrola minor L — Lesser shinleaf Vicinity of Little Carp Lake 

Pybola secunda L — Shinleaf In the hemlock climax, occasional 

Pyhola elliptica Nutt —Shinleaf Occasional m the hemlock 
forest 

Pyrola chlorantha Swartz — Moist ground along streams in the 
hemlock climax, occasional The specimens collected were of 
the typical form (See Rhodora, 22 51 1920) 

Pyrola rotundifolia L var amehicana (Sweet) Fernald (P 
amencana of Gray’s Manual See Rhodora, 22* 122 1920) — 
Shinleaf Woodlands, occasional 

Moneses uniflora (L) Gray — One-flowered shinleaf Moist 
woodlands, not common 

Ledum gkoenlandicum Oedcr —Labrador tea Flood plain of 
Carp River, and around Little Carp Lake 

Kalmia polifolia Wang — Bog laurel Boggy ground 

Chamaedaphne calyculata (L) Moench —Leatherleaf Peat 
bog areas, common 

Andromeda glaucophylla Link — Wild rosemary In situations 
similar to that of the preceding species 

Gaultheria procumbens L — Aromatic wintergreen Mostly m 
dry soil along the main range 

Arctostaphylos Uva-ursi (L) Sprcng var coactilis Fernald & 
McBnde (see Rhodora, 16 212 1914) —Bearberry Exposed 
ground, especially along the main range, frequent Collected by 
Dr N L FasBett 

Epigaea repenb L — Trailing arbutus Along the main range and 
on Government Peak 

Chiogeneb hispidula (L) T & G — Creeping snowberry Wood¬ 
lands in low ground. 

Vaccinium pennbylvanicum Lam — Early upland blueberry Dry 
soil on main ndge, common Some variation in the color of the 
bemes was noticed, but these may represent merely forms of the 
species 

Vaccinium canadense Kalm — Sourtop Low ground 
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68 Primulaceae (Primrose Family) 

Lysimachia terrestris (L) BSP — Yellow loosestrife Low open 
ground, common 

Lysimachia thyrbiflora L —Tufted loosestrife Low ground, 
occasional 

Steironema cimatum (L) Raf — Fnnged loosestrife Wet ground; 
frequent 

Steironema ianceolatitm (Walt) Gray — Low ground, occur 
sional 

Trikntaus borealis Raf (T amertcana of authors See Rhodora, 
11 286 1900) — Starflower Low ground in the hemlock cli¬ 
max, frequent 


69 Oleaceae (Olive Family) 

Fraxintjb Americana L — White ash In the climax maple forest, 
occasional 

Fraxincs nigra Marsh — Black ash Common in the flood plain 
of Carp River The basal portion of this tree can apparently 
be covered with water for some time without injury 

70 Gentianaceae (Gentian Family) 

Halenia deflexa (Sm ) Gnaeb —Spurred gentian Upper reaches 
of Carp River Probably not common 

Menyanthes trifoliata L var minor Miclix (M tnfohata of 
Gray's Manual See Rhodora, 31 • 195 1929) — Buckbean. 
Wet open ground bordering Carp River, occasional 

71 Apocynaceae (Dogbane Family) 

Apocynum androsaemifolium L — Spreading dogbane In rather 
dry soil along summit of main range, frequent 

Apocynum cannabinum L —Indian hemp Collected on bluffs 
above Carp Lake 

72 Asclepiadaceae (Milkweed Family) 

Abclepiab phytolaccoidbs Pursh —Poke milkweed On talus 
slope of mam range; apparently rare 

Abclepiab xncarnata L —Swamp milkweed. low wet ground; 
frequent. 
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73. Convolvulaceae (Morning-Glory Family) 

Convolvulus bpithamaeus L —Low bindweed. Dry soil along 
summit of range, common 

74 Boraginackae (Borage Family) 

Cynoglossum officinale L — Hound’s tongue Occasional as an 
introduction 

Cynoglossum boseale Femald — Wild comfrey. Talus slope of 
main range, occasional 

Mbrtensxa faniculata (Ait) G Don var subcordata (Greene) 
Macbr — For the identification of this variety the writer is in¬ 
debted to I M Johnston, to whom Dr M L Femald kindly 
submitted it Tall lungwort Swampy ground along woodland 
streams, occasional 

75 Verbenaceae (Vervain Family) 

Verbena urticaefolia L — White vervain Open ground, occa¬ 
sional 

Verbena hastata L — Blue vervain Flood plain of Carp River; 
common. 

76 Labiatae (Mint Family) 

Scutellaria lateriflora L —Skullcap Low ground; frequent. 

Scutellaria epilobiifolia Hamil ( S. galenculala of Gray't Man¬ 
ual. See Rhodora, 23.85 1921) 

Nefbta Cataria L —Catnip Introduced around camp sites, occa¬ 
sional 

Prunella vulgaris L —Selfheal. Moist to dry soil, usually in 
open ground, occasional 

Galeopbib Tetrahit L var bifida (Boetui) Lej. A Court ( G . Te- 
trahit of authors See Rhodora , 12:141 1910) — Hemp nettle. 
This introduced plant was found in the flood plain of Carp 
River 

Blefhilia hirsuta (Pursh) Benth —Wood mint Low ground, 
occasional 

Satureja vulgaris (L) Fritsch. — Field basil Dry soil along 
summit of range; common. 

Lycopus uniflorus Michx — Northern bugleweed Low ground; 
occasional. 
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Lycopus americanus Muhl —Water horehound Low ground; 
occasional 

Mentha arvbnsis L var canadensis (L). Bnq —American wild 
mint Low wet ground; common 

77. Solanaceae (Nightshade Family) 

Solanum nigrum L —Nightshade Open ground or along wood 
roads; occasional 

Physalib heterophylla Nees — Open ground m sandy soil, occa¬ 
sional Ground cherry 

78 Scrophulariaceae (Figwort Family) 

Vkbbascum Thapbus L — Common mullem Introduced in places, 
occasional 

Scrophularia lanceolata Pursh (S leporella of Or ay'8 Manual 
See Torreya, 22 82. 1922) —Figwort Moist ground, occa¬ 
sional 

Chelone glabra L — Turtlehead Low ground, occasional 

Mimulub rinoenb L — Monkey flower Bordering water courses; 
occasional. 

Veronica serpyllifolia L —Thyme-leaved speedwell Along 
wood roads, where it is probably introduced 

Melampyrum unbare Lam — Cow wheat Dry soil on gravelly 
slopes, frequent 

79. Orobanchaceae (Broom-Rape Family) 

Conopholis aiiebicana (L f) Wallr — Cancerroot Woods bor¬ 
dering Carp Lake, frequent 

80. Lentibulariaceae (Bladderwort Family) 

Utricularla vulgaris L var. Americana Gray — Greater bladder- 
wort. Common in Carp River. 

Utricularia cornuta Michx. — Homed bladderwort. Lake shores. 

* * 

81. Plantaoinaceae (Plantam Family) 

Plantaoo major L.—Plantain. Open ground; occasional. 

Plantaoo Ruqelui Dene. — Plantain. This species and the one 
preceding both have the appearance of having been introduced 
into the region. 

Plantaoo lanceolata L. — English plantain. Introduced in places. 
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82 Rubiaceae (Madder Family) 

Galium lanceolatum Torr — Wild kconcc Gravelly soil along 
main range 

Galium Aparine L var Vaillantii (DC) Koch — Cleavers 
Moist woodlands 

Galium triflorum Miehx — Sweet-scented bedstraw Low ground 
in woods, common 

Galium asprellum Miehx — Rough bedstraw 
Galium Claytoni Miehx — Low ground, Carp Lake Valley 
Mitchella repens L — Partndgeberry Woodlands, in rather dry 
soil, occasional 

83 Caprifoliaceae (Honeysuckle Family) 

Diervilla Lonicera Mill Bush honeysuckle Dry ground, com¬ 
mon on the talus slopes 

Lonicera canadensis Marsh — American fly honeysuckle Wood¬ 
lands; frequent 

Lonicera oblonoifolia (Goldie) Hook — Swamp fly honeysuckle 
“In the shrub zone of the tamarack swamp" (Ruthven, 7) 
Lonicera dioica L var glaucescbnb (Rydb) Britton — On talus 
slopes and along the shore of Lake Superior Lonicera proltfera 
(Kirchner) Rehder reported by N C Fassett in 1929 
Syuphoricarpos albus (L) Blake (includes S racemosus Miehx 
var paucifiorus Robbins, the form occurring here See Bhodora, 
16 118 1914) 

Linnaka borealis L var Americana (Forbes) Rehder —Twin- 
flower Moist woodlands 

Triosteum perfoliatum L var aurantiacuh (Bicknell) Wiegand 
— Feverwort Woodlands, occasional 
Viburnum: Opulub L var Americanum (Mill.) Ait —Highbush 
cranberry Low ground; occasional 
Viburnum affine Bush var hypomalacum Blake (F. •pubescent of 
Or ay’s Manual See Rhodora, 20:11. 1918). — Dry soil along 
main ndge 

Viburnum dentatum L — Arrowwood On rocky outcrops 
Viburnum cabsinoides L. — Black haw Low ground; occasional 
Sambucus racemosa L —Red-berried elder. Very common in wind¬ 
falls and “burns." 
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84 Campanulaceae (Bluebell Family) 

Campanula botundifolia L —Harebell In rock crevices both 
inland and along the Lake Superior shore, frequent 
Campanula uliqinosa Rydb —Marsh bellflower Low ground, 
occasional 

85 Lobeliaceae (Lobelia Family) 

Lobelia inflat a L — Indian tobacco Rather dry ground, occa¬ 
sional 

Lobelia Kalmii L — Rock crevices along Lake Superior shore, 
common 

86 Compositae (Composite Family) 

Eupatorium maculatum L (E purpureum var maculatum of 
Gray'a Manual See Rhodora, 22 57 1920) —Joe-pye weed 
Low ground, frequent 

Eupatorium perfoliatum L — Boneset Flood-plain areas 
Solidaoo flexicaulib L (S latifolia of Gray'a Manual See Mac¬ 
kenzie, Rhodora, 30 223-224 1928) — Broad-leaved goldenrod 
In maple woods, frequent 

Solidaoo humilis Pursh (<S vIiginosaofGray’aManual See Rhodora, 
17.6 1915) — Swamps in vicinity of Little Carp Lake 
Solidaoo hispida Muhl — Summit of mam range and rock crevices 
along Lake Superior shore, occasional 
Solidaoo Randii (Porter) Britton — Mostly along summit of mam 
range This was reported by the writer in Part I, p 42, as var 
monttcola Porter 

Solidaoo juncea Ait — Early goldenrod Along summit of main 
range and rock crevices along Lake Superior shore, occasional. 
Solidaoo serotina Ait. — Late goldenrod Low ground 
Solidaoo hirsutissiua Mill (S aUisatma L of Gray'a Manual 
See Mackenzie, Rhodora, 29 72-75 1927) 

Solidaoo canadensis L — Damp open ground; occasional 
Solidaoo oraionifolia (L.) Sahsb. — Among dopes of main range 
Aster macrophtllus L — Semiopen ground m maple woods, fre¬ 
quent 

Aster Lowribanus Porter — Vicinity of Little Carp Lake. 

Aster polyphyllus L. ( Aster Faxont Porter) — Rock crevices along 
Lake Superior shore. 



66 Henry Townsend Darlington 

Aster puniceus Ait — Purple-stem aster Low ground, frequent. 
Aster lateriflorus (L.) Britton —Borders of woodlands, fre¬ 
quent 

Aster umbellatus Mill — Flat-top aster Lake shores, frequent 
Aster Tradescanti L — Low ground, Carp River Valley A pa* 
ntculatus was included m Part I, but a more careful study of 
the material seems to indicate that it represents A Tradescanti, 
as that plant is understood 

Erigeron philadelphicus L — Along wood road from Umon Bay 
Erigeron ramosus (Walt) BSP — Daisy fleabane Along summit 
of range 

Erigeron annuus (L.) Pers — Along wood roads, occasional 
Erigeron canadensis L. — Horseweed Very common in “bums ” 
Antennaria neodioica Greene — Dry open ground along summit 
of range. 

Anaphalis margaritacea (L) Benth A Hook. — Pearly everlast¬ 
ing Frequent on burned areas 

Gnafhalium decurrens Ives —Clammy everlasting Dry soil; 
occasional. 

Gnaphalium uliginosum L —Low cudweed. Seen at Umon Bay 
Adenocaulon bicolor Hook — Moist woodlands, frequent. Not 
a rare plant in the Upper Peninsula 
Rudbeckia hirta L —Black-eyed Susan Dry ground, occasional 
Helianthub scaberrimus Ell —In burned areas. Specimen identi¬ 
fied by Dr E E Watson 

Helianthub gigantetts L — Open woodlands near summit of range 
Bidenb Bbckii Torr —Water mangold. In Carp River, occasional. 
Helenium altissimum Link (H autumnale of Gray's Mamed) — 
Sneeseweed Low ground, occasional. 

Achillea Millefolium L. — Yarrow. Along roads and trails; occa¬ 
sional. 

Antkemxs Cotula L. — Dog fennel. Along wood roads. 
Chrysanthemum Leucanthekum L — Oxeye daisy. Probably the 
var. pmnahfidum Lecoq A Lamotte. No specimen retained. 
Artemisia cavdata Michx. — Summit of main range. 

Ebbcbtxtes hiera ci folia (L.) Raf — Fireweed Border of maple 
woods, occasional. 

Senecio pauperculus Michx. —Balsam groundsel. Rock crevices 
along Lake Superior shore , 
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Arctium mi nub (Hill) Bernh — Common burdock Around neg¬ 
lected camp sites 

Cirsium lanceolatum (L ) Hill —Bull thistle. Old camp sites, 
occasional 

Cirsium muticum Michx. — Swamp thistle Low ground in woods, 
occasional 

Cirsium arvenbe (L) Scop —Canada thistle Wood roads and 
trails 

Taraxacum officinale Weber — Dr M L Femald has shown that 
this plant should now be called Taraxacum paludre (Lyons) Lam 
A DC var trulgare (Lam ) Femald, if the International Rules of 
Nomenclature be strictly applied (See Rhodora, 35 380 1933) 
Pending further nomenclatonal adjustments or more extended 
usage of this name, the writer has preferred to use the older 
name Common dandelion Introduced in places 

Sonchus olbraceus L — Annual sow thistle Introduced in places 

Sonchub ARVENsis L —Field sow thistle Sparingly introduced 

Lactuca hirbuta Muhl — Diy soil on main range 

Lactuca canadensis L — Tall yellow lettuce Occasional, espe¬ 
cially on “bums " 

Lactuca spicata (Lam ) Hitchc. — Tall blue lettuce On “bums”; 
frequent 

Prenanthes alba L — Rattlesnake root In climax maple forests, 
occasional 

Hieracium scabrum Michx — Dry soil along summit of range 

Hieracium scabrum Michx var tonsum Fem & St John — Col¬ 
lected by N C Fassett in 1929 

Hieracium canadense Michx — Hawkwecd Along Lake Superior 
shore 

Michigan Stats Column 
East Lansing, Michigan 
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Shore line of Lake Su|xmor, looking west; slope at left rises to t 
$e; timber along shore burned two years previously; bedding { 
is clearly shown 








A ground cover typical of cedar swamps, Carp River Valley; the 
foreground is HaUnaria hi/per harm: other plants in the area are 
na, Aralia nudicaulix, Clint onia borealis, Theli/pteris crista (a, and 11 
ulom var. intermedia 



Fra. 2. View of escarpment, first range, looking north 
from Carp River Valley; a narrow fringe of deciduous 




GROWTH RESPONSES OF VARIOUS PLANTS 
TO INDOLE 3-N-PROPIONIC ACID* 

SAM GRANICK AND HARMAN W DUNHAM 

T HIS study is a survey of the growth reactions that may be ob¬ 
tained from various plants when treated with indole 3-n- 
propiomc acid This substance, among others, has been reported by 
Hitchcock (2) and by Hitchcock and Zimmerman (3) to produce in 
a number of plants reactions similar to those produced by heteroauxin 
(j8 indole acetic acid) This is surprising in view of the fact that 
indole propionic acid (IP) was reported by Thimann and Kocpfh 
(7) and by Kflgl and Kostermans (4) to have no action on the Avena 
coleoptile How closely the reactions obtained, by other investi¬ 
gators, with auxin A and heteroauxin parallel those with I P will 
become evident from our data A further interest m a survey of 
this kind was the possibility that some correlations might be found 
between the normal growth and the regenerative abilities of cells, 
and their responses to I P 

The crystalline indole-propionic acid was made up as a one per 
cent lanolin paste, which was applied to various parts of a plant 
the upper and lower surfaces of leaf laminae, the sides of petioles, 
peduncles, stems, and tendrils, the cut surfaces of these organs, the 
surfaces of flower buds and flowers, and their longitudinally cut sur¬ 
faces Lanolin alone was applied to the control plants No roots 
were treated The plants used in this study are members of 43 genera 
and 24 families 

It might be expected that, because of the manner of applying 
the paste, none of the IP would penetrate into the cells, especially 
through thickly cuticularised surfaces. This may be the explanation 
for the nonreactivity of the barrel cactus or the leaves of Sanseviena, 
Dianthus, and Ficus In the other treated plants, however, the 
organs were cut and the paste was applied directly to the cut sur- 

* Papers from the Department of Botany of the University of Michigan, 
No 558 
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faces The inability of IP to penetrate below the epidermis was, 
therefore, not the reason for the nonreactivity of vanous plants 

EXPERIMENTAL RESULTS 

Even after three weeks 1 P appeared to have no effect on the 
flowers and the flower buds of Chrysanthemum sp , Cosmos sulphurous, 
Cucum%8 safovus, Cucurbxta pepo, Dwarf Cosmos, Impatiens balsameae, 
Mimosa pudtca , Nicotiana tabacum, and Salpiglossus smuata No 
microscopic exanunations of these organs were made. The cucum¬ 
ber fruit was apparently stimulated, lack of material, however, pre¬ 
vented a confirmation of this observation 

The tendrils of Cucurbita, Sweet Pea, Schizobasopsis, and Glonosa 
showed no bending reactions with I P Weaker preparations of I P , 
applied to Sweet Pea tendrils of vanous ages, likewise did not pro¬ 
duce any growth responses The cut surfaces of the tendnls of the 
cucurbits which had been treated with the paste showed slight swoll- 
mgs on the cut areas thirteen days afterward The reactions of the 
other organs are set forth m the accompanying table. These organs 
are young or relatively new growths 

The symbols and terms used m the table have the following 
meanings. 

0 No reaction observed, 

- Negative * bending, that is, bending occurred away from the side on 
which IP had been applied, 

+ Positive * bending, that is, bending occurred toward the side on which 
IP had been applied, 

“Down/ 1 “up ” Reaction of petioles by bending in the designated man¬ 
ner, no matter where paste has been applied; 

“Rapid,” “medium,” “slow” Length of time that elapsed before a 
reaction was observable (A “rapid” reaction occurred within two 
days, a “medium” reaction occurred within five to ten days) 

Unless otherwise noted the designated effects occurred only at the places 
treated with the lanolin-indole propionio-aoid paste 

The numbers in parentheses in the stub of the table refer to notes that follow 
the table 

Besides the experiments on seed plants two species of green algae 
and a species of fern were also investigated Chloretta pyremdosa 
and Cystococcus coherens were used m pure culture These species 
were grown m 12 per cent Shive’s solution in 100 c.c Erlenmeyer 
flasks Five flasks of each species served as controls. The other 

* This term has been used by Zimmerman and Wilooxon (8) 



(Symbols and terms used in this table are explained on page 70 ) 
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Cosmos young I down slow 0 - slow 

Ludbedcia young j - medium 

teUanthus umuus young down rapid enlarging — medium — medium 
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NOTES TO THE TABLE 

(1) The reactions of ZarUedeschta aeihxoptca to IP are illustrated by a series 
of photographs, Figures 4 A, B, C, D, Plate VII, which were taken 0, 2, 5, and 
8 days, respectively, after treatment A ring of the paste was applied around 
the petiole of the leaf on the right (Fig 4 A) At first this petiole bent down, but 
by the eighth day (Fig 4D) was recovering its erect position Only the outer 
edge of the petiole of the leaf on the left was treated, and it will be observed that 
the first reaction (Fig 4B) is a slight outward bending of the petiole Soon, 
however, greater elongation occurs on the outer side (Figs 40-D), with a con* 
sequent inward bending of the petiole In both petioles the bending reactions 
have not taken place at the treated regions, but distinctly below these regions 
The peduncle reacts by a lengthening of the treated side 

(2) Zea May* gave no reaction when I P was applied directly to the nodes, 
by dissecting away the surrounding leaves No reactions were observed even 
when slits were made into the nodes and the paste was pushed into the slits 

(3) The leaves of Bryophyllum calycinvm were slit, on the plant, in a number 
of different ways, and I P was rubbed into the cut surfaces Even after two 
months no growth reactions were observed at these out surfaces, on either the 
treated or the oontrol leaves Examination of the stem intemode, which had 
swelled slightly at the treated region, showed that the swelling was due to the 
increase in cell size of the normally small subepidermal parenchyma cells 

(4) The stem of Cotyledon fulgent, which had been topped at the intemode 
and treated with I P, after a week had become swollen for a distance of 7-8 mm 
below the cut Sections of this region showed not only that the parenchyma cells 
had enlarged greatly, but that these large cells had also divided A new cell wall 
had been formed in the middle of the enlarged parenchyma cell, and the two 
nuclei of the new cells lay closely appresaed on either side of thta wall 

(6) The young and the mature leaves of Kalanchoe cornea and Sedum *p 
were cut in different ways, and I P was applied to the cut surfaces These 
pieces were then placed on moist filter paper in glass chambers and kept in the 
greenhouse No reactions were observed even after one month The controls 
seemed to fare better than the treated leaf pieces, turning brownish and flaccid 
less rapidly 

(6) Figure 1, Plate VII, shows the appearance of Canawha ensiformtn ten 
days after treatment The first reaction observed when IP was applied to 
any portion of the leaf or the petiole was the downward bending of the secondary 
pulvinus, causing the leaf blade to lie closely appressed to the petiole From this, 
one may conclude that the acid can diffuse down from the leaf into the pulvinus 
or can diffuse up from the petiole into the pulvinus Hie bending reaction of 
the pulvinus was rapid, occurring within a day, in light or in darkness and re* 
turning to a normal position several days after treatment The paste produces 
some callus formation when applied to the petioles, and the “positive" bending 
of the petiole on the nght-hand side of the plant indicates an injury effect The 
other petiole which was ringed with the paste exhibited no bending The photo¬ 
graph also shows the result of treatment of the under side of the lead blade, which 
reacted by curving upward 

Figure % Plate VII, illustrates the effect of the application of IP directly 
to the secondary pulvinus of Canavalia. Two weeks after treatment the pulvinus 
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bad enlarged greatly and almost doubled upon itself Its epidermis had cracked 
in several places and the leaf lamina was dead 

Figure 3, Plate VII, is a longitudinal section of this pulvinus It is evident 
that expansion of the parenchyma cells had taken place, producing a tension 
great enough to tear apart the thick nng of xylem tissue Water movement 
through the parenohyma tissue was apparently insufficient to supply the needs 
of the transpiring leaf, and the leaf gradually withered and died 

(7) Impaixtna baUamtab reacts rapidly to I P Treatment of the cut-stem 
apex produced a swelling in four days, and the original upper 10 mm of the inter¬ 
node increased to 15 mm The controls showed neither swelling nor elongation 
at the apex, just below the cut surface 

Figure 2, Plate VIII, shows the type 4 of root formation produced by the I P 
paste in an atmosphere which was not very humid The large pustules are com¬ 
posed of a number of roots fused together, but possessing their individual growing 
points The whole mass m covered with an active penderm The old stem, which 
responded to the acid, did not recover its erect position, but the stem growth after 
treatment responded to geotropic stimulation 

Figure 3, Plate VIII, is that of an Impatiens plant which was ringed with the 
paste at the second and the fifth intemodcs It may be observed that the bending 
of the stem occurred below the regions of treatment It is suggested that differen¬ 
tial diffusion of indole propionic acid down the stem resulted In an unequal 
distribution of this substance, thus producing unequal growth and consequent 
bending When the paste a as applied to the sides of a stem, bending took place 
at the treated region 

(8) Figure 1, Plate VIII, is a photomicrograph of a cross section of a Coleus 
thyrotde$ stem which had been ringed with the paste Hoots acre developed on 
all sides No callus was formed The parenchyma cells enlarged greatly The 
cambium was stimulated to produce more xylem and phloem Fischnich (1) ob¬ 
tained similar results with Coleus when heteroauxw was used 

(9) In both Cucurfetta p&po and Cueumta sattvus the stem intemodes showed 
swelling and whitening at the regions treated However, white swollen patches 
were also observed to form along the stem, especially at the nodes The position 
of these patches bore no evident relation to the areas treated with 1 P 

flasks were treated in the same way as the controls, except that IP 
in the proportion of one part of the acid to a half-million parts of 
12 per cent Shive's was added to the medium The acid was dis¬ 
solved in sterile nutrient solution, and the proper quantity of this 
was added to the sterilised nutrient solutions m the flasks Aseptic 
technique was used. Examinations of the cultures, have not yet 
been made to determine whether or not they are entirely free from 
contamination. 

Both species of algae grew vigorously, and no difference m the 
amount of growth between the control and the treated cultures could 
be observed after forty days 

The effect of the indole propionic acid on the development of 
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the protlialh of Onoclea semibilts waa also studied The spores were 
sown on 12 per cent Shive’s nutrient solution in 100 c c Erlenmeyer 
flasks containing indole propionic acid in the porportion of one part 
to a half-million parts of nutrient solution 

Onoclea showed a definitely poorer growth m the treated flasks 
than in the control flasks forty days after inoculation 

SUMMAHT AND CONCLUSIONS 

The growth reactions obtained with indole 3-n-propiomc acid 
applied as a one per cent lanolin paste to various plant parts are 
similar to those reactions which Viave been reported by other workers 
(1, 2, 5, 6, 8) for heteroauxm and (5, 6) for auxin A, in inducing 
enlargement of parenchyma cells, cell divisions, formation of calluH, 
stimulation of the cambium, and root formation 

A study of bending and cell elongation of various structures in¬ 
dicates that it is difficult to predict the direction or the degree of 
bending It seems likely that the bending reactions depend on the 
amount of mdole propionic acid that reaches the various cells, the 
reactivity of these cells, and the tissue tensions set up by differential 
growth In some plants, for example, the leaves whose petioles had 
been treated bent down, in others, up, m still others the petioles 
themselves responded by an elongation of the region treated with 
the lanolin-indole propiomc-aeid paste 

The reactivity toward I P varies for the same cells under dif¬ 
ferent conditions of temperature and light In the winter, when 
normal growth is slow, the effect of I P is found to be greatly di¬ 
minished On sunny days its effect appears to be enhanced In 
general, the younger and more rapidly growing organs produce rapid 
bending responses 

Differences in growth responses of varieties of plants were ob¬ 
served For example, the small-leaved, small-flowered Ethel Sprays 
variety of Chrysanthemum reacted only slightly, whereas the large- 
leaved large-flowered Philip Rice variety responded more rapidly 
Similarly, the smaller Dwarf Cosmos and the smaller Coleus Blumet 
reacted less markedly than did the large Coemos sulphureue and the 
large Coleus thyroides 

The data, though limited to forty-three genera, indicate that the 
plants which belong to the same family react similarly For example, 
none of the Granuneae examined (oats, corn, sorghum) gave any 
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growth responses to I P Also none of the five members of the 
Logummosae used could be induced to produce roots from the stems 
or the petioles, although other growth reactions were manifest 

We desire to express our gratitude to Professor F G Gustafson 
for the interest shown and the advice given us throughout this in¬ 
vestigation We also Wish to thank Professor C D La Rue for his 
suggestions and Miss Rachel Uhvits for supplying the pure cultures 
of algae 
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EXPLANATION OF PLATES VII-VIII 


Growth responses to mdole 3-n-propiontc acid The arrows indicate the 
region of application of I P paste 


PLATE VII 

Fig 1 Reactions of the petioles and the leaves of Caruwaha eruiformu 
Fig 2 Reaction of the secondary pulvmus of C emxformu 

Fig 3 Longitudinal section of the secondary pulvinus of C entiformu , showing 
rupture of vascular bundle 

Fig 4 A, B, C, D Successive growth responses of ZanUdeschta aethtoptca 0, 2 
5, and 8 days, respectively, after treatment with I P paste 



PLATE \II 





Pt« 1 Tirms section of the stem of Cokits IhvrMes which had been ringed with lanolin LP. paste 






PROLIFERATION AND RENEWAL OF GROWTH 
IN SUPPRESSED FRUITS IN TOMATOES* 

FELIX a GUSTAFSON 

D URING the summer of 1934 it was noticed that tomato plants 
which had most of their leaves removed produced several buds 
in each leaf axil Proliferations were also produced from the cut 
end of the stem and, in a few instances, even from the midnb of old 
leaves Since the expenment in which these proliferations had been 
noticed was repeated during the summer of 1935, it seemed profit¬ 
able to make further observations In these experiments the plants 
were pruned to about two-foot lengths with one, two, three, or four 
leaves per plant. 

During the whole summer after the pruning, it was necessary at 
frequent intervals to remove buds from the leaf axils, each axil 
produced a number of such growths, one after another The cut 
surface of the end of the stem also produced numerous shoots, as 
shown in Plate IX, Figures 1 -2, and Plate X, Figure 2 Many tunes 
a nng of such shoots would appear clear around the stem and, unless 
removed, would grow into a compact cluster of stems, as shown in 
Plate IX, Figure 2 Repeated cutting always produced new pro¬ 
liferations There is no question that the whole of the old shoot was 
completely removed each time and that new ones were produced 
from the cells of the stem either from the cambium or from some other 
cells No anatomical studies were made. 

Toward the end of the summer proliferations appeared in two 
other places on the plants These were not nearly so common as the 
ones previously mentioned, but still there were a number of plants 
that showed them. In some of the older leaves new growths appeared 
from ,the midrib near the leaflets. No proliferations ever made their 
appearance except close to a leaflet Several shoots (PI. X, Fig 1) 
were usually produoed by each leaf and, if permitted to develop, 

* Papers from the Department of Botany of the University of Michigan 
No. ASS 
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grew into sizable stems After several fruits had been produced 
and had matured m a fruiting cluster many such fruiting stems 
showed renewed growth, either m the form of renewed flower forma¬ 
tion, as in Plate X, Figure 2, or in the extension of the fruiting 
branch mto a leafy branch which eventually produced flowers and 
fruits (PI XI, Fig 1) In some plants such a fruiting branch pro¬ 
duced both additional flowers and a leafy shoot (PI XI, Fig 2) 

These proliferations are of considerable interest to the writer be¬ 
cause they show such a persistence in vegetative growth When the 
growing point of the plant is removed, there is at once the formation 
of lateral shoots from the axils of leaves, when these shoots are re¬ 
moved more are formed, and even the cut end of the stem begins 
to proliferate If these outlets are all suppressed, some plants will 
then find an outlet for this tendency to vegetativeness in the leaves 
or in the old fruiting stems, which have already produced a crop of 
fruits 

There cannot be any question about the formation of these shoots 
from cells already differentiated, at least m the old leaves, where 
there is no cambium, and it seems that the same thing is probably 
true with respect to the fruiting stems also In the case of the shoots 
formed from the axils of the leaves and the cut surface of the stems, 
cambium probably gives rise to the new growths 

It seems to the writer that m plants which have been decapitated 
and have had new shoots removed repeatedly there must be an ac¬ 
cumulation of growth hormones of one sort or another which, having 
no outlet, finally bring about the renewal of cell division in such struc¬ 
tures as the leaf and the fruiting stem Since little is known of the 
action of growth hormones on cambial cells, it is useless to speculate 
on how the hormone might act on these cells 

Besides the proliferations mentioned, another peculiarity was ob¬ 
served in these plants It sometimes happens that a flower which has 
all the appearance of having completed the process of fertilization 
does not develop a fruit The corolla is dropped and the calyx and 
the ovary remain in the cluster, but no development takes place 
If there is no development within a week or two after blossoming, 
there usually will be none later on However, it was noticed that 
in about 50 per cent of the plants which were pruned to one, two, 
three, or four leaves and had the top cut off, suppressed fruits began 
to grow after the others on the plant had matured and been removed. 
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Sometimes these belated fruits grew to normal size, but frequently 
they grew only a little and then matured 

What is the explanation for this renewal of growth in a structure 
which had long since stopped growing? And why did these fruits 
stop growing in the first place? The fact that they later developed 
indicates that fertilization must have taken place in them at the 
same tune that it took place* m the others, which developed at once 
Yet there was no enlargement of either the ovules or the ovanes until 
about two months later Did these fruits for some reason or other 
fail to get a start at the right time and were they later inhibited by 
the others which did make the proper start, either because of lack 
of food or because of the production of inhibiting substances by the 
growing fruits? From the facts that each plant which produced these 
delayed fruits had already matured from two to four fruits and had 
a very restricted leaf surface, it would seem that the food supply 
was the cause of the suppression But, on the other hand, these 
same plants were constantly using food in the production of new 
shoots in out-of-the-way places It seems, therefore, more likely 
that the suppression was due to the production of inhibiting sub¬ 
stances by the developing fruits, and that when these were removed 
the growth was renewed as a consequence of the presence in abun¬ 
dance of the proper growth hormones 

It may, then, be considered that, when the suppressing influence 
of the apical growing point is eliminated by the removal of the top 
of the tomato plant, the growth hormones, which are produced in 
the leaves, activate the cambial cells in the stem, at the cut surface 
and m the leaf axils, to renewed growth, and even the parenchyma 
cells of the midrib of a leaf may be caused to form new cells which 
differentiate into shoots With respect to fruits, as just mentioned, 
the suppression of some of them may be thought of as due to the 
action of inhibiting substances produced by the developing fruits, 
and when the latter are matured the growth hormones bring about 
a renewal of growth processes m the suppressed fruits .The writer 
has never noticed this late development of fruits m plants which have 
not had their growth zones removed In these experimental plants 
it is likely that there is an overabundance of growth hormones, due 
to absence of growing regions other than cambium, and this results 
in these unusual growths 
University of Michigan 
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WHEN DOES A PINE TREE COMPLETE 
ITS SEASONAL GROWTH?* 

FELIX G GUSTAFSON 

S EVERAL years ago the question was raised, in a conversation. 

When is growth of a tree in height and in diameter completed for 
the growing season? At the time the writer was conducting an ex¬ 
periment on growth of young Pinua sylveslna trees, about 13 meters 
m height, and it seemed to be a good opportunity to answer the query. 
Seventy-eight trees from a stand growing on the north slope of a 
sandy loam hill were used in the experiment On May 25 the first 
measurement of the season was made At that time the trees had 
made a height growth on an average of 33 8 cm since September 28 
the preceding fall, when they were last measured As the new growth 
was at breast height, it was used for the study of diameter growth 
It probably was not so good as an older portion of the stem would 
have been, but because of a desire to begin diameter measurements 
at that height in future experiments, the decision was made to use 
the new growths in spite of this possible drawback In the second 
year, this objection was not present Measurements could not be 
continued throughout the second season because the writer was going 
to be away for the fall and early winter. 

The graph (Fig 2) shows that the terminal growth is very rapid 
and is, for practical purposes, completed by the end of June. From 
the fact that the cells concerned in the apical elongation are formed 
during the preceding season and that elongation consists essentially 
of an enlargement and a differentiation of these cells, one would ex¬ 
pect the growth to be rapid and completed early during the growing 
season On the other hand, the lateral or diameter growth continues 
much later into the summer, probably being completed by the end 
of August The commencement is doubtless later than that of 
elongation Certainly the time of maximum rate of growth is later 
than that for height growth 

* Papers from the Department of Botany of the University of Michigan, 
No 582 
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It would be interesting to know whether the lateral growth is 
dependent upon stored food or upon food manufaetured during the 



Fio 2 Graph showing growth of Pmua syU/cutnx Because the time at which 
growth began each year is not known the curves have not been started at 
the base line, but rather at the point where the first measurement was made 
for the year In the spring of 1936 Ptnus sylvestns trees grow n on the campus 
showed the first signs of elongation cm April 25, and trees on a north slope 
would bo somewhat later As a result one may consider that there would 
have been little or no growth before the first of May Curves A and B repre¬ 
sent growth in height B foi the summer of 1930 and A for that of 1931 
Curves C and D represent the diameter growth D for the summer of 1930 
and C for that of 1031 

season in which growth takes place This question might be answered 
by studying deciduous as well as coniferous trees 

This work was done at Stinchficld Forest, property of the School 
of Forestry and Conservation, Unnersity of Michigan, and the writer 
takes this opportunity of expressing his appreciation for the facilities 
placed at his disposal 

IInIVEBBTIY or MICHIGAN 



ADDITIONS TO THE FLORA OF CHIPPEWA 
COUNTY, MICHIGAN* 


FEEDERrCK J HERMANN 

T HE Miscellaneous Papers on the Botany of Michigan of C K 
Dodge 1 includes, as the third paper, an account of the flora of 
Chippewa County entitled “Observations on the Wild Plants at 
Whitehall Point and Vermilion, near the South Shore of Lake Superior, 
and Other Parts of Chippewa County, Michigan, in 1914 ” The 
usual care and discrimination of the author are evident in tins con- 
Hucntiously annotated list, and it must serve as the basis for any 
more detailed work upon the flora of the county as a whole which 
may be undertaken in the future The topography and the vegeta¬ 
tion of the county are sufficiently varied to make it floristically one 
of the most interesting in the state, so that it would justify a more 
intensive study than it has heretofore received An annotated list 
of species not reported by Dodge is here offered as a small contri¬ 
bution to a further knowledge of the flora of the county 

This list is based upon a part of the collections made by the writer 
on Sugar Island, which is in the St Mary’s River south and east of 
Sault Samte Mane, and represents the eastern extremity of the 
county The majority of the collections are from the Chase S 
Osborn Preserve near the southern end of the island, a tract of some 
three thousand acres which the University of Michigan received as 
a gift from the Honorable Chase S Osborn in 1929 Through the 
kindness of Professor W F Ramsdell, who is m charge of the Pre¬ 
serve, I spent there the first two weeks of September, 1935, with 
headquarters at the cabin which was included in the gift and which 
offered ideal facilities for the preparation of specimens 

A bnef account of the vegetation of Sugar Island has been pub- 

* Papers from the Department of Botany and the Herbarium of the Uni¬ 
versity of Michigan, No 674 

1 Publication 31, Biological Senes 6, Michigan Geological and Biological 
Survey, Lansing, 1921 
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lished by Dr W C Steere m the introduction to his paper, “The 
Bryophytes of the Chase S Osborn Preserve of the University of 
Michigan, Sugar Island, Chippewa County, Michigan ” * It will 
suffice here to state that the southern part of the island is densely 
wooded, the higher ndges being covered with maple forest The 
more extensive areas of low woods are mixed forest of unusually 
heterogenous composition Here pine, birch, maple, poplar, arbor 
vitae, balsam, and white spruce are plentiful, and several tamarack- 
black spruce bogs also are found Much of the shore line is rocky, 
but along the lower sandy beaches marshes are frequent There is, 
then, ample vanety of plant habitats, and a study of the vascular 
flora earlier m the season would doubtless reveal many additional 
species which are not yet known from the county 

As a means of reference the writer's collection numbers are in¬ 
cluded in the following annotated list Distances, unless otherwise 
specified, are measured from Homestead, the only settlement at the 
southern end of the island 


List of Species 

Equisetum palustbe L — Plentiful on the flooded, sandy shore of 
St Joseph Channel, one-half mile south, 7197 
Lycopodium annotinum L var acbifouum Fernald —Low spruce- 
birch woods, 1 mile northwest, 70Jfi 
IboStes echinospoba Dur var Braunii (Dur.) Engelm — Wet, 
sandy shore of Lake George, 1} miles northwest, 7090, marshy 
edge of Duck Lake, 1} miles northwest, 7166 
Potamogeton alpintjs Balbis — Lake George, near shore, 1| miles 
northwest, 7980 

Potamogeton filiformis Pers, var bobbalib (Raf) St. John — 
Lake George, near shore, 1} miles northwest, 7809 
Potamogeton fouosus Raf. var maceulus Fernald —Channel 
between Neebish Island and Sugar Island, near shore, 1} miles 
southwest, 7986 

Potamogeton Richabdsonh (Benn) Rydb —Lake George, near 
shore, 1} miles northwest, 7168, 7994 
Potamogeton Robbinsii Oakes. — Lake George, near shore, 1} 
miles northwest, 7981, 

* American Midland NatwaLxtt , 15 . 761-708 1984 



Flora of Chippewa County 87 

Potamogeton Z08TEKIF0RMIS Femald — Lake George, in 6 feet of 
water, 1$ miles northwest, 7225 

Sagittaria graminba Michx — Lake George, near shore, 1} miles 
northwest, 7229 

Glyceria borealis (Nash) Batchelder —In shallow water near 
shore of Lake George, 1} miles northwest, 7026 
Agropyron trachycaulon (Link) Steud. var. novae-angliae 
(Scribn) Femald — Common in dry, rocky, pme-maple-birch 
woods, 1} miles northwest, 7105 

Eleocharis obtusa (Willd) Schultes — Frequent Wet, sandy 
shore of Lake George, li miles northwest, 7'080 
Eleocharis pauciflora (Lightf) Link var Febnaldii Svenson 
— Frequent Beach pools on shore of Lake George, miles 
northwest, 7140, wet, sandy shore of channel, 1$ miles south¬ 
west, 7234 

Eleocharis Smallii Britton —Marsh on shore of channel, 1 } 
miles southwest, 7237 

Carex crinita Lam var gynandra (Schwem) Schwem & Torr 

— Rocky shore of Lake George, 1| miles northwest, 7125 
Carex rostrata Stokes — Rocky shore of Lake George, 1} miles 

northwest, 7239 

Juncub Dudleyi Wiegand — Fairly common. Low, sandy edge of 
Duck Lake, 2} miles northwest, 7087, sandy shore of Lake 
George, 1} miles northwest, 7134. 

Juncub efpusus L var decipiens Buchenau — Locally common 
Wet, rocky shore of Lake George, 1| miles northwest, 7122, 7136 
Juncub nodosub L. — Common Low, sandy edge of Duck Lake, 
2} miles northwest, 7079; beach pool on shore of Lake George, 
1} miles northwest, 7150 

Juncub alpinub Vill var rariflorub Hartm — Locally plentiful 
Bandy shore of Lake George, li miles northwest, 7135 
Habenaria obtusata (Pursh) Richards —Boggy, black spruce- 
birch-maple woods, 1 mile northwest, 7049 * 

Goodyera tebbblata Lodd — Low white spruce-birch-maple woods, 
1 mile northwest, 7040 

Corallorrhiza maculata Raf. — Occasional Birch-maple woods, 
Duck Island, 2} miles northwest, 7098. 

Polygonum punctatum Ell. var leptostachyum (Moan) Small 

— Wet, sandy shore of Lake George, 1} miles northwest, 7024 
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Ranunculus reptans L —Drying beach poolB, shore of Lake 
George, 1$ miles northwest, 7149 

Amelanchieu btolonifera Wiegand —Frequent on rocky slopes 
near shore of Lake George, 1J miles northwest, 7258 

Crataegus punctata Jacq —Sandy clearing near Bhore of Lake 
George, 1$ miles northwest, 7176 

Agriuonia striata Michx — Thicket on shore of St Mary’s River, 
Brassar, 7209, edge of low arbor vitae-maple woods, 1| miles 
northwest, 7245 

Lathyrus PALUSTRI8 L var myrtifolius (Muhl) Gray — Wooded, 
rocky bank of Duck Lake, 2\ miles northwest, 7090 

Geranium Robertianum L — Common on rocky shore of Duck 
Island, 3 miles northwest, 7094 

Rhus Toxicodendron L — Sandy clearing near shore of Lake 
George, 1J miles northwest, 7115 

Myriophylmjm verticillatum L — Lake George, near shore, 1J 
miles northwest, 7228 

Hydrocotylk Americana L —Plentiful on wet, mossy floor of 
dense balsam-arbor vitae-birch woods, one-half mile south, 7199 

Osmorrhiza Claytoni (Michx) Clarke — Edge of low arbor vitae- 
maple woods, 1$ miles northwest, 7245 

Sium cicutakfolium Gmolm — Marshy edge of Duek Lake, 2} 
miles northwest, 7089 

Daucus Carota L — Rocky roadside, 3 miles south of Payment, 
7216 

Pyrola elliptica Nutt — Mossy floor of dense balsam arbor 
vitae -birch woods, one-half mile south, 7200 

Vacoinium Oxycoccus L —Black spruce-tamarack bog, 1J miles 
northwest, 7190 

Asclepiab syriaca L --Thicket on Rock Island, Lake George, 
7196 

Cynoglobsum boreale Fernald — Occasional in rocky pine-birch- 
maple woods near shore of Lake George, 1} miles northwest, 
7184 

Verbena hastata L. — Frequent Rocky shore of Duck Island, 
2\ miles northwest, 7092 

Veronica serpyllifolia L —Rocky roadside, 3 miles south of 
Payment, 7218 

Agalinis paupbrcula (Gray) Bntton var. borealis Pennell.— 
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Plentiful on wet, sandy shore of Lake George, 1} miles north¬ 
west, 7018 

Utricularia macrorhiza Le Conte —Stagnant pool on shore of 
Lake George, 1$ miles northwest, 7227 

Galium palusthe L — Wet, rocky shore of Lake George, 1$ miles 
northwest, 7109 

Solidago hugosa Mill var abpera (Ait) Femald — Common on 
rocky and sandy shores, 7019, 7084, 7228 

Solidago speciosa Nutt — Common in low, burnt-over birch woods, 
3j miles northwest, 7257 

Aster macrofhyllus L var bejunctub Burgess —Common 
Rocky pinc-maple-birch woods, 1§ miles northwest, 7119 

Aster nemoralis Ait — Locally plentiful in black spruce-tamarack 
bog, 3} miles northwest, 7219 Reported by Dodge from Emer¬ 
son, Chippewa County, but, since this was the only known sta¬ 
tion for Michigan, additional localities seem worthy of record 

Aster sagittifolius Wedemeyer — Plentiful on high, grassy clears 
mg, 1| miles northwest, 7249 

Ambrobia psilostachya DC — Waste ground near shore of Lake 
Nieolet at Nine Mile Point, 5 miles south of Baie de Wasai, 
7268 

Bidenb Bkckii Torr —Rare Shallow edge of Duck Lake, 1J 
miles northwest, 7157 

Arctium minus Bernh — Occasional Thicket near shore of chan¬ 
nel, 1$ miles southwest, 7241 

Hieracium aurantiacum L -- Gravel pit in woods, 3J miles south¬ 
west. of Payment, 7212 

Hieracium scabrum Michx var tonsttm Fernald & St John — 
Clearing in sandy pine woods, 1 mile northwest, 7087 

University or Michkian 




ADDITIONS TO THE FLORA OF WASHTENAW 
COUNTY, MICHIGAN II* 

FREDERICK J HERMANN 

T HE following list of vascular plants comprises species and 
varieties which apparently have not heretofore been reported 
as occurring in Washtenaw County, Michigan, and is supplementary 
to a similar list published in Volume 21 (1936) of the Papers of the 
Michigan Academy of Science, Arts and Letters The records here 
listed are based upon plants collected by the writer, unless other¬ 
wise noted, during the year 1935 and preserved in his herbarium 
Duplicates have been deposited m the Herbarium of the University 
of Michigan and specimens of most of the plants have also been rather 
widely distributed among the larger herbaria of the eastern states 
The numbers after the locality citations are the writer’s collection 
numbers 

Several species not previously reported m any of the published 
lists of the flora of Washtenaw County should be noted These are 
Thaspium barbtnode (Michx) Nutt, Hydrocotyle umbellate L, and 
Foentculum tndgare Hill, specimens of which are cited from Wash¬ 
tenaw County by Kenoyer, 1 and Penstemon Digitalis Nutt and 
Penstemon paUtdus Small, which are cited from Ann Arbor by 
Pennell.* 

List or Species 

Ctstopteris pbagilis (L) Bemh var Mackatii Weatherby — 
Low beech-maple woods, 4} miles east of Dixboro, 6908 
Botbyohxcm dibsbctum Sprang. — Low maple woojis (Pawpaw 
Woods), 3 miles southwest of Ann Arbor, J. H. Elders 6996, 
and F. J. Hermann 7868. 

* Papers from the Department of Botany and the Herbarium of the Univer¬ 
sity of Michigan, No 678 

1 Kenoyer, L A., "Distribution of the UmbeUales in Michigan,” Pap Mich 
Acad 8a , Arts and Letters, Vol 8 1928 

* Pennell, F W, The Scrophulanaeeoe cf Eastern Temperate North Amenea 
Monograph No 1 of the Academy of Natunu Sciences of Philadelphia 1986 
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Botrychium dissectum Spreng var obliquum (Muhl) Feroald — 
Low maple woodfl (Pawpaw Woods), 3 miles southwest of 
Ann Arbor, J H Efders 6994, and F J Hermann 7859, oak- 
hickory-maple woods (Hickory Flats), 5 miles south of Ann 
Arbor, 78Jfi\ 

Equisetum palustre L — Open, marshy bank of Huron River, 2 
miles east of Ann Arbor, 7348 

Sparganium kurycarpum Engelm —Marsh, Section 1, Pittsfield 
Township, 41 miles southeast of Ann Arbor, 6856 
Potamogeton FiLiFORMis Pers var borealis (Raf) St. John — 
Abundant at south end of Portage Lake, 6848 
Potamogeton praelongus Wulf — Cavanaugh Lake, 6250\ 
HxerochloB odorata (L) Wahl var fragrans (Willd) Richter 
— Grassy bank of Huron River (Cedar Bend) north of Ann 
Arbor, 6460 Typical Hterochloe odorata is confined to the Old 
World and the Rocky Mountain region 
ScHiEAcnNE purpurascenb (Torr) Swallen — Low, nch woods east 
of Half Moon Lake, Section 6, Dexter Township, 6496 
Bromus ciliatus L var intonsus Fernald — Swamp south of 
Cavanaugh Lake, 6241 

Bromus Dubleyi Fernald — Edge of Speechley’s Woods, 2} miles 
east of Ann Arbor, 6863 , plentiful in swampy border of woods 
on south shore of Portage Lake, 6911 
Bromus latiglumis (Shear) Hitchc — Moist, open bank of Flem¬ 
ming Creek, 42 miles east of Ann Arbor, 6942, low thicket, 
Shanghai Pit, 3 miles northwest of Ypsilanti, 6974, wooded slope 
of Huron River (Cedar Bend) north of Ann Arbor, 6985 
Elymub villosus Muhl — Abundant in small, wooded ravine on 
south bank of Huron River, 3 miles northwest of Ann Arbor, 6884 
Hystrix pattjla Moench var Bigeloviana (Fernald) Deam — 
Abundant m Third Woods, 3 miles south of Ann Arbor, 6827 
Cyperus erythrorhizos Muhl — Bank of Huron River south of 
Scio, 7886 

Scirpub Clintoni Gray —Open white oak slope, Speechley’s 
Woods, 2f miles east of Ann Arbor, 6494, 6614, 6551 
Carbx chlorophila Mackenzie — Gravel beach, south shore of 
Whitmore Lake, 7858 

Wolffia columbiana Karst. — Abundant on stagnant pools of 
Huron River, 2\ miles east of Ann Arbor, 6967, 6979 
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Wolffia punctata Gnseb — Abundant on stagnant pools of Huron 
River, 2§ miles east of Ann Arbor, 6068, 6975, 7387 
Pilea fontana (Lunell) Rydb —Abundant on marshy bank of 
Huron River, 2 miles east of Ann Arbor, 7008, 7341 
Chenopodium Bonus-Hknbicus L — Waste ground near Packard 
Road south of Ann Arbor, 6908 

Chenopodium capitatum (L) Asch — Waste ground, University 
of Michigan Botanical Gardens, Ann Arbor, 6858 
Silene Cucubalus Wibol (S latifolta (Mill) Britton and Rendle) 
— Waste ground south of Ann Arbor, 6888 
Ahabib laevigata (Muhl) Poir — Wooded slope of ravine (Cas¬ 
cade Glen) on south bank of Huron River, 3 miles northwest 
of Ann Arbor, 6639 

FrAGATHA vesca L var Americana Porter —Open grassy oak 
grove, Third Woods, 3 miles south of Ann Arbor, 6804 
Amelanchier laevis Wiegand — Edge of low woods, Cady’s Cor¬ 
ner, 5£ miles southeast of Ann Arbor, 6466 
Amelanchier humilis Wiegand — Roadside, 1J miles south of 
Portage Lake, 6486 , 6497, 6808 

Crataegus albicans Ashe — Open slope on south bank of Huron 
River, 3 miles northwest of Ann Arbor, 6487 
Crataegus filipeb Ashe — Low meadow, 3J miles east of Dixboro, 
7347 

Crataegus monogyna Jacq — Low meadow, 3f miles cast of Dix¬ 
boro, 7846 

Geranium Robertianum L — Edge of low maple woods, 4f miles 
east of Dixboro, 6900 

Parthenocissus vitacea (Knerr) Hitehc — Common Thicket bor¬ 
dering Third Woods, 3 miles south of Ann Arbor, 6885, rocky 
railroad siding, Shanghai Pit, 3 miles northwest of Ypsilanti, 6927 
Pastinaca sativa L — Roadside, 3 miles northwest of Dexter, 6918 
Fraxinub lanceolata Borckb — Edge of Third Woods, 3 miles 
south of Ann Arbor, 6884- 

Lapfula echinata Gdibert —Abundant m fallow field north of 
Saline, 6781 

Myosotib micrantha Pallas — Well established in field and along 
roadside, If miles south of Portage Lake, 6486, and on waste 
ground and cinder roadway, University of Michigan Botanical 
Gardens, 6608. 
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Dracockphalum parviflobum Nutt. — Several plants on waste 
ground south of Ann Arbor, 6886 

Hyoscyamus nioer L. — Fairly common as a weed near Packard 
Road, south of Ann Arbor, 6819 

Crefib tectorum L — Well established as a weed at the University 
of Michigan Botanical Gardens and near State Street south of 
Ann Arbor, 6909 

Lactuca baligna L —Dry, stenle soil, bank of Huron River at 
Shanghai Pit, 3 miles northwest of Ypsilanti, 6982, 6972 

Sonchub ULiGiNosus Bieb — Edge of marsh bordering Huron River, 
3} miles east of Ann Arbor, 6896 

Eupatorium bebsilifolium L —Ash woods near the University 
of Michigan Botanical Gardens south of Ann Arbor, 7334} 

Aster ericoideb L var prostratus (Kuntze) Blake — Argillaceous 
field, 3} miles east of Dixboro, 7848 

Antennaria munda Fernald — Grassy roadside at edge of woods, 
4 miles south of Chelsea, 6688. 

Antennaria Parlinii Fernald —Wooded slope, bank of Huron 
River west of Pontiac Road north of Ann Arbor, 6586 

Carduub crispis L. — Plentiful on sterile soil, Shanghai Pit, 3 miles 
northwest of Ypsilanti, 6928,6978. 

University or Michigan 



A POLLEN ANALYSIS OF A BOG 
IN NORTHERN ONTARIO 

ELSIE JANSON AND ELIZABETH HALFERT 

T HIS article deals with the pollen analysis of a peat bog so far north 
as to be beyond the present range of oak Nevertheless, oak 
pollen is so abundant at the lower levels as to indicate a wanner 
climate during part of postglacial tune than that which now prevails 
The bog is in northern Ontano at about 46°-47° N and 79°- 
80° W, approximately thirty-four miles northwest of North Bay on 
the Ferguson Highway. From a fire tower near the Marten River 
Tourist Camp it can be seen lying m a slight depression, with a ndge 
rising toward its west end. It is about a half mile long and ib con¬ 
spicuous because of the dark foliage of the black spruce 

The spruces were found by an increment borer to fall into two 
age classes: one ranging from 52 to 72 years, the other, from 117 to 
168 years 

The plants of the bog are listed in ordsT to indicate the subboreal 
aspect of the present vegetation. The nomenclature is that of Gray's 
New Manual of Botany. 

The conifers are Ptcea martana, Lanx lartctna (mostly young), 
Pmue Strdbue (mostly young), Abies balsamea (just outside the bog), 
Thuja occtdentahs (at the edge), and Taxus canadensis Other trees 
or large shrubs are Bettda alba Oust outside the bog), Bettda lutea, 
Alnus tncana, and Populus tremulotdes 

The chief shrubs are Andromeda glaucophyUa, Chamaedaphne 
calyculata, Raima anguehfolta, Raima pohfolia, Ledum groerdandt- 
eum (largely confined to the margin), Vaccimum canadenie, Vacemnm 
penmayhameum, Vaccmium Oxycoccue (perhaps V. macrocarpon), 
Nemopanthus mucronata, and Rubus tdaeua. 

Tha herbaceous species are Cornua canadensis, TnstUalte amen » 
cam, Sarracenia purpurea, SmUacim tnfoha, Sptranthes sp., Brto- 
phonm calliinx, Cores trisperma, Cores oUgoepema, Cares pauper- 
aula, and Asplenium Filtx-femina, 
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Plants were listed from twenty-five areas of twenty-five square 
meters selected at random in the more open parts of the bog The 
percentages of the quadrats m which the principal species occurred 
are as follows 1 Sphagnum, 96, Vacctmum Oxycoccus, 92, Char 
maedaphne calyculata, 88, Carex tnsperma, 60, Kahma pohfoha, 
52, Carex ohgosperma } 48, Ledum groenlandicum , 28, Andromeda 
glaueophylla , 20, Sarracema purpurea , 16, Vacctmum pennsylr 
vameum, 8, Larix laricina, 8, Kalmta angustifolia, 4, Ptceamgra, 4, 
seedlings of Betula papyrtfera , 4, Vacctmum canadense, 4 

The samples of peat were collected with the Davis peat sampler 
at successive intervals of one foot, beginning at a depth of two feet 
and continuing until gray glacial clay was reached at the eighteen- 
foot level A second set of samples was gathered a few feet away to 
serve as a check 

The material for examination was taken from the center of each 
core The pollen was prepared as suggested by Sears (3), mounted 
m glycenn jelly, and stained with methyl green One hundred and 



fifty grains were counted for each layer, this count including only 
the flowering plants The absence of data for the seven-foot level 
is explained by a water pocket at that depth 

In the pollen profile (Fig 3) it will be noted that Picea pollen de¬ 
creases m amount above the seventeen-foot level until it reaches its 
minimum at fourteen feet, coincident with the highest peak for Pinus. 
The frequency of Picea rises sharply to & minor peak at twelve feet, 
but reaches its maximum at five feet, above which level it remains 
uniform 

1 For these statistics the authors are indebted to Dr L A Kenoyer and Jean 
McClave 
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Pinus pollen is found in increasing amounts from the seventeen- 
foot to the fourteen-foot level, above winch it decreases 

Abies, with the exception of two grams at the fifteen-foot level, 
does not appear until the twelve-foot depth, but reaches one peak at 
eleven and another at three feet 

Quercus pollen was found in greatest abundance at the seventeen- 
foot level (the bottom of the bog) and in decrcasmg amounts up to 
the ten-foot level, above which it disappeared (The identity of 
one grain at the five-foot level was questioned ) 

According to Macoun (2), Quercus rubra reaches its northern 
limit of distribution at 47°50' N , but no oak was observed m the 
territory that surrounds the bog Certainly no appreciable amount 
of oak pollen is nowadays contributed to the peat, or has been for the 
period during which five feet of peat has been deposited The results 
would indicate that the bog was formed during a period of greater 
warmth than now exists in this region In a recent survey of pollen 
profiles for North America, m which data from this paper wore used, 
Sears (4) calls attention to similar conditions in bogs farther to the 
south These were the Welland Bog, near Welland, Ontario, an¬ 
alyzed by Auer (1), and a northern and a central Minnesota bog, 
analyzed by Voss (6) According to a theory of division of post¬ 
glacial time into throe periods, of increasing warmth, of maximum 
warmth, and of decreasing warmth (Von Post, 5), this northern 
Ontano bog was started dunng the penod of maximum warmth, and 
preserves record of the transition to the period of decreasing warmth 
The decrease of pine and the increase of fir and spruce might sug¬ 
gest an increase of humidity accompanying a decrease m tempera¬ 
ture 


SUMMARY 

1 This study is concerned with a northern Ontano bog at about 
46°-47° N and 70°-8O° W 

2 The plant list indicates the typical subboreal ’flora of the 
Canadian coniferous forest 

3 The presence of Quercus in the lower layers of the peat and its 
subsequent absence would indicate inception of the bog deposits 
during a warmer climate than now prevails in this area 

4 The decrease of Pinus and the increase of Abies and Picea may 
perhaps signify an increase in humidity. 
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NEW MARINE ALGAE FROM WASHINGTON 

CH1N-CHIH JAO 

F ROM July 20 to the end of December, 1935, the writer worked 
on marine algae m the Oceanographic Laboratories of the 
University of Washington, at both Fnday Harbor and Seattle, and 
obtained the cordial assistance of the staffs of these Laboratories in 
collecting specimens from many different stations It was very 
gratifying to be able to get a large number of interesting known species 
and several new forms This initial report deals with new species, 
forms, and records of the west coast of North America Myxophyceae 
will be reported in another paper 

The writer wishes to express his gratitude to Dr Thomas G 
Thompson, director of the Oceanographic Laboratories of the Uni¬ 
versity of Washington, to Professor George B Rigg, and to Dr. 
Lyman D Phifer for their assistance in the execution of the work, 
and to Captain C T Larsen of the Catalyst (the oceanographic 
steamer of the University of Washington) and other staff members 
for help in collecting specimens 

Codiolum pu8illum f subsessile, f nov. 1 
(Tab XII, Fig fl) 

Cellulis usque ad 330 n longis, dava obovoidca vel ovata, recta, 
vel curvata, (22-) 30-65 n diam, 95-160 /i longa, membrana eras- 
siuscula, stipite longitudine variante, 19-00 ranssime ad 170 n 
longa, plerumque subsessih, parte supenore diametro clavae simili, 
et parte infenore paululum attenuate, basah parte pauto tumida et 
leviter lobata, 19-35 n duun, hyahna, plus minusve distmete la- 
mellosa. 

Cells up to 330 m long* clava obovoid or ovate, straight, or curved 

1 Tbs type or ootype speeimeoa of the new specie* and forme which are 
described in this paper were distributed by the writer to the herbaria of the 
University of Michigan, Ann Arbor, Michigan, and of the Ooeanographic labora¬ 
tories of the University of Washington, Friday Harbor, Washington 
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(22-) 30-65 p in diameter, 95 160 p long, with relatively tluck wall; 
stipes varying in length, 19-90 very rarely up to 170 p long, usually 
nearly sessile, upper part of the same diameter as the clava, lower part 
slightly tapering and somewhat enlarged and slightly lobed at the 
base, 19-35 p in diameter, hyaline, more or less distinctly lamcllose 
Growing on rotten wood m the uppermost littoral belt, Brown 
Island, Washington, Aug and Sept, 1935 Tyj>e Jao No 1007B 
The fronds of this form are shorter and often nearly sesNile, in 
winch respect it differs from the typical species The writer’s speci¬ 
mens were collected at different tunes at the same Rtation The 
subsessile plants were found abundantly in all collections The 
long-stiped ones, which sometimes have the stalks up to 170 p long, 
appeared very rarely among the short-stiped plants The subsessile 
form seems to be a constant character of these plants 

There are two species, C greganum Braun and C Petrocehdis 
Kuckuck, already reported from the west coast of North America 
The first is characterized by the presence of long stipes and the clava 
is distinctly constricted at the union with the stipe, the second 
is an endophytic form 

Phaeophila polymorpha, sp nov 

(Tab XII, Figs 7-10) 

Filamcntis nunutis, in vel partim m cuticula eoncharum lnamum 
repentibus, irregulanter ramosis, dense intertextw, celluhs eiusdcm 
filamentae vanantibus forma et magnitudinc, plerumque irregulanter 
tumidis vel lobatis, 23-85 mterdum usque ad 180 p longis, membrana 
transversa plerumque crassa et latnellosa, 5-10 p diam, partibus 
tumidis usque ad 22 p diam, lobis usque ad 26 p longa, seta 1, 
mterdum 2 vel 3, in latere supenorc cellularum sedente, hyalma, 
longwsima, undulata vel spirali, basi non bullata, matuntate mem¬ 
brana basali transversa crassa et distmcte lamellosa c cellula proxuna 
valde separata, chromatophoris smgulis, cellulam totam non re- 
plentibus, pyrenoideis nonnullis, zoospons multis, in celluhs vege- 
tativis ordmarns natis 

Filaments minute, creeping m or partly on the superficial layer 
of empty shells, irregularly branched, densely interwoven, cells 
varying in form and size in the same filament, usually irregularly 
tumid or lobed, 23-85 sometimes up to 180 p long, the cross wall 
generally thick and lamellose and with a diameter of 5-10 p, swollen 
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parts of cells up to 22 p m diameter, lobes of the cells up to 26 p 
long, hairs simple, sometimes 2 or 3 together borne on the upper 
side of the cells, colorless, very long, undulate to spiral, the basal 
part not swollen, at maturity distinctly separated from the cell below 
by a very thick and markedly lamellose wall, chromatophore single, 
not occupying the whole cell, containing several pyrenoids, zoospores 
numerous, formed in the ordinary vegetative cells 

Very abundant on several empty shells in Argyle Lagoon, San 
Juan Island, Washington, Sept 8,193f» Type Jao No 1223. 

Until careful examination of the developmental stages of the haus 
has been carried through, it is assumed that the hairs of the present 
plants are directly prolonged from the wall of the ordinary vegetative 
cells and are not produced from special piliferous cells, as are those 
found in the genus Bulboeoleon In the earliest stages the hairs are 
Hpon as short prolongations which spread out from the outer layer 
of the thickened cell wall of the vegetative cell and are without cell 
contents (PI XII, Figs 7-8) As the young hairs grow longer and 
longer, the inner layer of the cell wall, where the hair originates, 
becomes very thick and distinctly lamellose Sometimes this thick¬ 
ened wall may ogam be separated, with the result that the basal 
wall of the hair has two or three layers 

The genus Phaeophila, as formerly understood, included only the 
species having an endophytic or partly epiphytic habit, it is found 
mostly in warm waters rather than in cool waters No species of 
this genus has hitherto been reported from the west coast of North 
America The endozoic plants described above agree very well 
with those of the genus Phaeophila and are closely related to P 
floridearum Hauck, but they are characterized by the vegetative 
cells being quite irregularly lobed or swollen and by an endozoic or 
a partly ectozoic habit which differs from thbse of known species 

Chaetomorpha tenuissima, sp. nov 

(Tab XII, Figg 3-5) 

Frondibus caespitosis, filamentis disco tenui affixis, erectis, 
regulariter recurvatis, usque ad 2 cm longis, supeme diametro 
uniformiter cyhndncis, inferne paululum et gradatim attenuates, ad 
nodos interdum aut lenter tumidis aut constructs, celluhs 6-10 
interdum ad 12 ft diam, 14-35 p longis, membrana craasiusoula et 
plus minusve distmcte lamellosa, cellula terminal! mucronata. 
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cellula basah 5-7 (-10) p diam , 18-30 p longa, membrana inferiori 
crassissima et distinct® lamellosa, retroaculis leviter et uregulanter 
lobatis; celluhs fertilibus in parte supenore filamentae ortia; soo- 
spons per tubulum brevissimum ad mediam partem cellulae exeunti- 
bus 

Plants tufted, filaments attached by a small disk, cylindrical, 
erect, regularly curved, with a length up to 2 cm, upper part with 
the same diameter throughout, lower part slightly and gradually 
attenuated toward the base, nodes sometimes either tumid or con¬ 
stricted, cells 6-10 up to 12 m in diameter, 14-35 p long, wall 
relatively thick and more or less distinctly lamellose, terminal cell 
mucronate, basal cell 5-7 (-10) p diam , 18-30 p long, with thick 
and distinctly lamellose wall below, holdfast slightly and irregu¬ 
larly lobod, fertile cells in upper part of the filament, sods pores 
escaping by an opening near the middle of the cell, through a very 
short tube 

Epiphytic on Acrochaetmm rhizoideum (Drew), comb nov 
(Rhodochorton rhizoideum Drew [1928" 182]), Platythamnion pectina- 
tum Kylin, and Codtum fragile (Sunng) Hanot, Bell Island, on 
Amphiroa tuberculosa f typica Setch & Gardn, Turn Island All 
specimens were collected from the lower littoral and upper subhttoral 
belts, Oct and Sept, 1935 Type Jao No 1275 

The smallest known species of this genus is Chaetomorpha minima 
Collins & Hervey, a Bermudan plant According to Collins and 
Hervoy’s desenption and illustrations (1917), it has the filaments 
10-20 p in diameter, not more than 5 (-67) cells long, ending m an 
obtuse terminal cell and attaching by a “hemispherical basal cell” 
in mature filaments, as shown in their drawings On comparison 
with the present plants those from Bermuda are seen to be quite 
different 


Monostroma fractum, sp nov 

(Tab XIII, Figg 8-10) 

Thallo membranaceo, molli, et delicato, sessili (?), mox Ubero, 
elongato, usque ad 55 cm longo et 7 cm lato, margme subpiano vel 
undulato, luteo-viridi, superficie leviter irregulanterque bullata, 
partibus varus thalh toti in segments hne&ria longitudmaliter 
difflssis, parte monostromatica 21-24 p alta, cellulis oblongis, acute 
angulatis, dense dispositis, plus mmusve distinct® m longitudinalibus 
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senebus, 5-10 g diam , 10-28 g longis, in sectione transverse verti¬ 
cal! ter obovoideis vel subrectangulatis, 12-14 g altis, cellulam chro- 
matophora ommno replente 

Thallus membranaceous, soft, and delicate, sessile (T), soon be¬ 
coming free, elongate, with a length up to 55 cm. and a width up 
to 7 cm, with nearly plane or undulate margins, yellowish green, 
surface slightly and irregularly bullate, the whole thallus longi¬ 
tudinally spht in various parts into linear segments, monostromous 
parts 21-24 g thick, cells oblong, acutely angular, closely set, in 
more or less distinctly longitudinal senes, 5-10 mostly 7/xin diameter, 
10-28 usually 14-17 g long, m cross section vertically obovoid or 
subrectangular, 12-14 g high; chromatophore filling the whole cell. 

Mixed with Uha Laetuca floating near the shore, southwest side 
of Turn Island, Aug 13, 1935 Type Jao No 1095 

This species was observed at Turn Island, but only once The 
wnter’s specimens are all large, for no young plants were seen by 
him. Probably these plants drifted from a point near or within 
San Juan County The habit of splitting occurs over the whole 
surface of the thallus The earliest stages of the fragmentation 
appear as very shallow grooves on both sides of the thallus and 
directly opposite each other, as shown m Plate XIII, Figure 10 
Afterward these grooves become deeper and deeper, and then 
they longitudinally extend and spht The habit is very characteristic 
of this species, differentiating it from other known species of this 
genus. Furthermore, the large sise, the elongated cells arranged 
in longitudinal senes, and the measurements also distinguish it 

Enteromorpha torta (Mert.) Reinb. 

Along the west coast of North America this species was found 
only at Ban Diego, California, it is listed by Gardner (1920) The 
present plants were collected from two stations: Deiner Pout, San 
Juan Island, Sept and Dec, 1935, and a salt water pond on Maconnell 
Island, Oct, 1935 The samples from both localities aife exactly the 
same in all aspects, but are mixed with other algae on mud in the 
uppermost littoral sone. A full desenption of the local plants 
follows: filaments unbranched, consisting of two rows of cells; 
cells rectangular, 10-16 g in diameter and length, regularly arranged 
into longitudinal senes and more or less in cross senes; chromato¬ 
phore thin, yellowish green, occupying a large part of the cell. This 
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species is known as a simple filament of a double row of quadrate 
cells, but it also occasionally branches, sometimes the mam branches 
consisting of a number of cell rows The local form always appears 
unbranchcd and is regularly two cells wide throughout 

Schizogoruum murale f uniseriatuxn, f nov. 

(Tab XII, Figg 1-2) 

Filamentis plerumque simphcibus, in qmbusdam segmentis 
ranssime duplicibus vcl tnphcibus, dissepimentis non eonstrictis 
Cetera planta similis formae spcciei typicae 

Filaments delicate, forming a soft, tomentosc stratum, bright or 
deep green, the threads 6 13 sometimes up to 17 p in diameter 
when the cell wall is unusually thickened, attached to the substratum 
at various parts of the filament by rluzoidal branches, mostly 
umsenate, very rarely 2 or 3 cells wide m certain segments of the 
filament, rluzoidal branches arising from a single cell of the filament, 
mostly 2 together, rarely single, 1 10 cells long, or sometimes non- 
septate and continuous with the segments from which they arise, 
sometimes with secondary branches, cells 3 5-12 p long, often shorter 
than broad, cell wall thick (1 7-5 p), distinctly lamellose, chroma- 
tophore stellate, axile, and containing a large central pyrenoid 

Growing on rotten wood in the uppermost littoral belt, mixed 
with Cladophora tnchotoma (?) and Rhizocloniutn npartum Demer 
Point, San Juan Island, Washington, Sept to Dec, 1935 Type 
Jao No 1249 

The data of the local plants arc based upon field material col¬ 
lected at different tunes and upon four months’ observation of plants 
in culture In 1916 G S West stated that the thallus of Prasiola 
“is either a simple unbranched filament or it forms a flat expansion 
one layer of cells in thickness The simple filament is the Hormtdiutn- 
state and when several of these filaments fuse laterally they give rise 
to the Schizogonium-st&tc In the wider expansions the cells usually 
divide in two directions m one plane resulting m the PraatolasteXe ” 
The wnter believes that West’s opinion is incorrect, hiB view is 
based upon Borne serial observations on both natural and cultured 
growth of the present plants Culture work has also been dope by 
Professors Setchell and Gardner (1920) They, too, found that there 
was no transformation between Schizogomum and Prasiola in t heir 
cultures The wnter behoves that transformation of the “Hot- 
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midiumrB tate,” the * 1 Schizogomum-Bteite” and the “Prasioio-state” 
into one another is impossible 

The genus Hormidium as listed in the SyUoge Algarum is charac¬ 
terized by the chromatophores being axile and stcllate-lacmiate in 
form, as described by some other phycologists, however, Hormidium 
has the chromatophores lacmiate-panetal in form If the species of 
Hormidium have stellate chromatophores, it seems best to combine 
them under Schizogomum, because these two genera, Hormidium 
and Srhizogomum, as described by De Toni, are too confused with 
one another Therefore, even though the present plants are quite 
like Hormidium murale (Lyngb) Kutzing, it seems better to regard 
them as a form of Schizogomum murale Ktitzmg 

Prasiola linearis, sp nov 

(Tab XIII, Firk V-7) 

Frondibus dense caespitosis, lineanbus, apiee rotumlatis, mar- 
gine crenulatis vel enspis, molliter membranaceis, irregulanter m- 
tortissimis, 130-670 raro 1400 y latis, usque ad 10 cm longis, 23- 
27 y crassis, cellulis oblongis vel quadratis, in sectione trans\ersa 
11—15 y altis, in parte margims crenulata plus minusvc irregulanter 
angulatis 7-11 y diam , 3 4-7 0 y longis, ad basim versus duabus 
senebus vel plunbus ordinatis, sur^um m senebus numerosis rogu- 
lanbus parallehs a lineis latis intercellularibus longitudmahbus pari 
intervallo separatis, lineis intercellularibus transversis angustissimis, 
ehromatophons, praecipue m eellulis infenoribus frondis, distmete 
stellatis 

Fronds densely tufted, linear, with round apex and trenulate 
or crisped margin, soft and membranaceous, quite irregularly twisted, 
130-670 rarely up to 1400 y wide, up to 10 cm long, cells oblong 
or square, more or less irregularly angular at the crenulate parts of 
the margin, 7-11 y m diameter, 3 4-70 y long, near the base of 
the frond two to several rows, farther up, m numerous rows and al¬ 
most of the same breadth throughout, wide longitudinal intercel¬ 
lular lines nearly parallel throughout, transverse intercellular lines 
veiy narrow, thickness of the frond 23-27 y, cells 11-15 y high 
m cross section, chromatophores distinctly stellate, especially m 
the lower cells of the frond 

Growing on gravel and grasses m the upper littoral belt, Argyle 
Lagoon, San Juan Island, Dec 17, 1935 Type Jao No. 1261 



106 


Chm-Chih Jao 


These plants were found very abundantly m tufts just below 
the high tide mark They look like some species of Enteromorpha 
In general appearance this species somwhat resembles P fitmaitlta, 
a species inhabiting cold mountain streams, but the present plants 
have the fronds narrower and thicker and the cells only widely sepa¬ 
rated longitudinally by the intercellular lines Another marine form, 
P calophylla, also has hnear fronds, but it is characterised by the 
fronds being seldom over 1 cm long, with a truncate apex and a 
monosiphonous base, in which it differs from P hnearts 

08treobium Queckettt Born & Flail. 

Fronds endozoic, slender, irregularly and freely branched, inter¬ 
woven, 2-5 n m diameter, often irregularly swollen and lobed m 
various parts, especially on the ends of branches, up to 15-45 /i in 
diameter 

This species was usually found m various empty shells in com¬ 
pany with Conchocehs rosea Batters It is newly recorded for the 
west coast of North America 

Canoe Island, San Juan Island, Whidby Island, Port Townsend 
Port Angeles, and Port Orchard, dredged at a depth of 5-10 fathoms, 

Derbesia pacifica, sp nov 

(Tab XII, Figg 11-13) 

Frondibus crectis, e repentibus filamentis onentibus, lucido- 
vindibus, 26-49 n diam , usque ad 4 mm longitudme, laxe et mvicem 
ramosis, mtcrdum simphcibus, filamentis repentibus plerumque uv 
regulanter tumidis et lobatis vel ramosis, erectis filamentis apice 
capitatie vel attenuatis, obtuso, 8-11 n diam , zoosporangiis obo- 
voideis vel interdum subglobosis, 57-68 n diam, 84-100 /* lnngis , 
zoospons 16 vel 32, pedicellis 11-15 ju diam , 15-23 n longis, mem- 
bran a plerumque crassa 

Fronds erect, arising from the creeping filaments, bright green, 
26-49 fi m diameter, with a length up to 4 mm, loosely and alter¬ 
nately branched, sometimes simple, with the partitions near the base 
of a branch or in the mam filaments just above a branch, the 
filaments often forming the recurved short branches just above the 
partition and later the upper part separating off from the part i t i o n 
below, creeping filaments usually irregularly swollen and lobed or 
branched, apex of the filaments clavate or gradually attenuated, 



107 


Marine Algae from Washington 

obtuse, with a diameter of 8-11 y , zoOsporangia obovoid or sometimes 
subglobose, 57-68 y in diameter, 84-100 y long, containmg 16 to 32 
zoospores, pedicel 11-15 y in diameter, 15 -23 y long, generally with a 
thickened wall 

Epiphytic on Amphtroa tuberculosa f typtca in the upper sublit- 
toral belt, Turn Island, Washington, Sept, 1935 Type Jao No 
1273B 

This species was found hi a very good fruiting condition at the 
northeast side of Turn Island In general appearance it seems like 
Derbesta vauchenaeformis (Harv ) J Ag , but differs from it in having 
shorter zoosporangia and smaller pedicels 

Most of the earlier descriptions of the species of Derbesia are 
incomplete As described by later authors (Saunders, 1899, Collins, 
1909), the zoosporangia of D vauchertaeformis are obovate or pyri¬ 
form and measure 100-200 y in length, the pedicels are one half 
the diameter of the filaments, or from 15 y to 20 y in diameter, as 
judged by Setchell and Gardner (1920) from Saunders’ drawings 
The zoftsporangia of D vauchenaeforms are, then, twice as long 
as those of the present plants and are different in form In 1920 
Setchell and Gardner suggested that the D vauchenaeforms of 
Saunders should be placed under D manna as understood by J G 
Agardh In comparison with the measurements of D manna as 
mentioned by Setchell and Gardner, the present plants are too 
small to be referred to this species Furthermore, the writer thinks 
that the D vauchertaeformis of Saunders is also a distinct species 
He has had m hand another collection of Derbesia, which was 
found by dredging off Lake Hancock, Whidby Island, Washington, 
Dec, 1935 These plants are quite different in all respects from 
D. pactfica and D manna and are best classified as D vauchenae- 
formts A bnef description would be* plants up to 1 cm long, 
filament 30-50 y m diameter, sporangia obovate or pyriform, 65-80 
y m diameter, 133-190 y long, pedicels 15-18 y in diameter, 12-30 
y long, numerous zotiepores in a zotisporangmm (PI l£ll, Fig 14) 
The writer has carefully measured all his material and found that 
no filaments are over 50 y tn diameter, that no zodsporangia are 
greater than 80 y wide, and that no pedicels are wider than 18 y 
Therefore, he doubts that the D vauchenaeforms of Saunders should 
be classified under D. marina, a suggestion made by Setchell and 
Gardner 
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Vauchena litoria Bang & C. Ag 

Plants dioecious, up to 15 cm tall, filaments 61-114 fx in di¬ 
ameter, oogoma elongate and recurved, 164-190 /x in diameter, 
300-323 /x long, terminal on the mam filaments or branches m the 
earlier stages and becoming lateral by the continued growth of the 
filament beneath after the empty supporting cell is formed between 
the female organ and the coenooyte, zygotes subglobose to ellipsoid- 
globose, 160-487 fx m diameter, occupying only the upper part on 
the oogonium and filling it, with a spore wall of three layers and 
yellowish at maturity, usually a thin-walled, sterile cell within the 
oogonium below, anthendia straight, cylindrical, 87-95 fx in di¬ 
ameter, 885 1085 ju long, bearing 2-5 short, conical, and lateral 
projections, each terminating at maturity in a round pore, through 
which the anthenzoids are finally freed 

Argyle Lagoon, San Juan Island, Sept 28, 1935 On muddy 
bottom of the lower littoral belt This species has been reported 
only from localities on the east eoast of tins country, from Massa¬ 
chusetts to New Jersey, and has not hitherto been reported from 
the west coast The local plants were found very abundantly and 
m good fan ting condition The diagnosis given above seems quite 
suitable to warrant referring them to Vaucheria htorea , except that 
the filaments are a little wider and the zygotes shorter 

Pylaiella washwgtonensis, sp nov 

(Tab XIV, Figg 5 11) 

Planta molli, usque ad 20 cm longitudine, mgro-fusca, filamcntis 
basi paulum et gradatim attenuatis, a parte rhizoidea non ramosa 
vel raro ramosa affixis, sursum laxe ramosis, ramis infenonbus 
longissimis et dichotomis, supenonbus laterahbus, alternis, non pilos 
ferentibus, ramis rhizoidcis multis, e partibus varus filamenti emer- 
gentibus, 1-3 in cellulis singulis, plerumque in filaraentum solide 
mtortiH, cellulis filamenti pnrnaru 15-19 ju diam, 30-65 j u longis, 
chromatophons 3-5, irregulanter hguhformibus, gametangns elon- 
gatis et cyhndricis, terminahbus vel mtercalanbus, (8-) 11-19 ju 
diam , 34 -680 frequenter 110-400 p longis, plerumque diametro cel- 
lulis vegetativis infenonbus simihbus, zoosporangus ignotis 

Plant soft, length up to 20 cm , dark brown, filaments at base 
slightly and gradually attenuated, attached by a single, very rarely 
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branched, rhizoid basal portion, loosely branched, lower branches 
very long and dichotomous, upper branches short, lateral, and al¬ 
ternate, without hairs, rhizoidal branches numerous, arising from 
various parts of the filament, 1-3 on a single cell, mostly closely 
twisted on the filament, cells of the primary filaments 15-19 jx in 
diameter, 30-65 n long, chromatophores 3-5 in each cell, irregularly 
band-shaped, gametangia elongate and cylindrical, terminal, or 
intercalary, (K-) 11-19 M in diameter, 34- 680 usually 110-400 fi 
long, mostly of same diameter as the vegetative cells below, zoo¬ 
sporangia unknown 

Very abundant on the (oncrete wall of Lake Washington Ship 
Canal, Seattle, Washington, at high water mark, Nov 10, 1935 
Type Jao No 1235 

These plants are cbara< terizcd by the large size, closely twisted 
rhizoidal branclilcts, and loosely dichotomous ramification m the 
lower part of the main filament, in which respects they differ from 
other species 

The developmental stages of the twisted rhizoidal branches arc 
quite distinctive, as shown in Plate XIV, Figures 9-10 In the 
earliest stages two adjoining cells grow unequally from the opposite 
sides, causing the cross wall to be oblique in position Then from 
the angular points the rhizoidal branehlets originate and spread out 
either upward or downward, depending upon the direction of the 
unequal growth of their supporting cells 

Punctaria orbiculata, sp nov 

(Tab XIII, Figg 1-4) 

Frondibus gregams, late expansis, forma plus mitiusve orbiculatis, 
4-20 cm latis et longis, vivis colore fusco-ohvaceis, siccatis mgro- 
olivaceis, ad chartas haud adhaerentibus, superfine irregulariter 
bullata, margine irregulariter undulato, basi rotundato vel cordato, 
m sectione transversa celluhs marginalibus magmtudine jncdullanbus 
ferme similibus, crassitudme inaequabilibus, ex 2-4 pagims cellu- 
larum composite, 46-76 n crassis, stipite tenuissuno et distmeto, 
m sectione transversa rotundato, 2-3 mm longo, e radice tenui, 
parenchymatacea, mgro-fusca et discoidea onente, superfine visa 
cellulis corticalibus 4- vel 6-angulatis, (11—) 10—31 ju diara , ex 
eadem fronde gametangus et sporangiis emergentibus, sohtams vel 
2-5, raro plunbus, gregatim dispositis, in superficiebus ambabus 
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frondie promiscue sparsis, exteme leviter tumidis, 27-40 fi diam, 
sporangus membrana crassa circumdatis et ferme rotundo-angulatis, 
setifl ignotis 

Frond gregarious, broadly expanded, more or Icsb circular in 
outlme, 4- 20 cm broad and long, of an olive-brown color, becoming 
olive-green when dry, not adhenng at all to paper, surface irregularly 
bullate, the margin irregularly undulate and ruffled, the base round 
or cordate, in cross section the surface cells are almost of the same 
size as the medullary cells, occasionally in certain parts only half 
the width of the inner ones, the thickness of the thallus is not even 
throughout, but is composed of 2-4 layers of cells, and ranges between 
46 and 76 n, stipe very delicate and distinct, round in cross section, 
2-3 mm long, arising from a small, parenchymatous, dark brown, 
disk-shaped holdfast, cortical cells 4- to 6-angular m surface view, 
(11—) 19-31 n in diameter, gamctangia and sporangia arising on 
the same frond, solitary or 2-5, rarely more, grouped together and 
promiscuously scattered on both sides of the frond, slightly bulging 
on the outer surface, 27-40 M in diameter, sporangia very numerous, 
with thickened wall and round angles at maturity, hairs unknown 

The writer has had in hand more than thirty specimens of this 
species, all of which show quite constantly the characteristics de¬ 
scribed above, especially the circular form of the frond, the distinct 
stipe, 2-4 layers of cells, and the almost entirely immersed gn.Tnftta.ng ia 
and sporangia Probably this new species is related to Punciana 
ocadentalts Setch & Gardn and to P chartacea Setch. & Gardn , 
but it differs from the first m several respects the fronds do not 
taper to a stipe at the base, the thickness never exceeds 76 ft) the 
fronds are composed of 2-4 layers of cells, and the gn-mptang ia and 
the sporangia are but very slightly bulging on the outer surface 
From the second it differs in having the thallus thinner, the margin 
not fimbriate, and the surface cells not always smaller than the 
medullary cells It differs from both in that the fronds are more 
or less circular in outline and very abruptly contracted to the point 
of union with the stipe 

Growing on Zostera in the lower littoral zone, False Bay, San 
Juan Island, Washington, Sept 11, 1935 Type Jao No 1149 
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Conchocehs rosea Batters 
(Tab XIV, F>g 4) 

Frond forming pink patches on empty shells, filaments inter¬ 
woven, 1 5-7 5|iin diameter, varying in shape and sue, oppositely 
or alternately branched, the filaments near the surface of the frond 
generally with inflated cells, which reach 30 ju in diameter and 110 
fi in length, each containing a distinctly stellate, rose-colored chro- 
matophore, monospores forming in the inflated cells, globose, 13-15 
M in diameter. 

This genus and species are newly recorded from the west coast 
of North America In the waters of San Juan County and Puget 
Sound, Washington, these plants are abundantly and widely dis¬ 
tributed at a depth of 5-10 fathoms, especially on sandy, gravel, 
or rocky bottom In all the writer's collections they show charac¬ 
teristics quite similar to those of Batters’ original description and 
drawings, but the measurements sometimes are a little different 
among specimens endozoic m different species of host These varia¬ 
tions have been mentioned by Rosenvmge in detail (1931), but the 
mam characters are all the same 

The inner part of the frond is found to be of long, thin, irregularly 
swollen, and mostly oppositely branched filaments, usually 3-6 n 
thick at the cross walls, sometimes only 2 ju thick or even less On 
the outermost parts are found more or less scattered, thick, usually 
curved filaments The cells of these are always nearly of the same 
length as the diameter (11-25 ju), mostly tumid, and thick-walled, and 
generally containing chromatophores deeper in color than the inner 
filaments. From the inflated cells the monospores are produced 
The mature monospores are rarely found in the writer’s collections 

Endoaoic in various empty shells; dredged at a depth of 5-10 
fathoms off Canoe Island, Gnffen Bay of San Juan Island, Long 
Island, Port Townsend, Crescent Bay near Port Angeles, Whidby 
Island, Port Orchard, and West Point of Seattle, Washington, July 
to Deo., 1935. 

Acrochaethun vagum (Drew), comb. nov. 

The local plants have the cells cylindrical or swollen in the middle 
up to 12 ju in diameter and elongated up to 30 ju. Erect filaments 
were not found in the vegetative stages, but were abundant m the 
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fruiting stages as the stalks of the monosporangia, and were 1 or 2, 
rarely more, cells long and unbranched The monosporangia were 
regularly terminal, 1 or 2 on the terminal cell, and obovoid in form 
Otherwise the specimens were like the type 

Endophytic in Pterosiphoma bipmnata in the lower littoral belt, 
south of False Bay, San Juan Island, Washington, Sept 20, 1935 

The type of this species, which was found on the Washington coast 
at Cape Flattery, was named Rhodochorton vagum by Drew in 1928 

Acrochaetium Erythrophyllum, sp. nov. 

(Tab XIV, Figg 1-3) 

Frondibus omnino endophytieis, m hospitem alte penetrantibus, 
plerumque mtereellulanbus, rare intraecllulanbus, filamentis lrregu- 
lantcr ramosis, mtertextis, ramis e filamentis pnncipahbus ortho- 
goms emersis, celluhs forma ac magiutudine vanantibus, plerumque 
curvatis et leviter mflatis, 1 5-3 5 p diam , 7-52 p longis, chroma- 
tophons panetalibus, cellulam complentibus, monosporangiis ter- 
minahbus, m hospite circa | immersis, obovoideis vel ovatis, 3 4 
p diam , 6 8ju longis 

Fronds wholly endophytic, deeply penetrating into the host 
plant, mostly intercellular, rarely intracellular, filaments irregularly 
branched, interwoven, branches mostly given off from the mam 
filamentb at right angles, cells varying m shape and size, usually 
curved and a little swollen, 1 5-3 5 p m diameter, 7-15 sometimes 
up to 52 p long, chromatophores parietal, filling the cell; mono- 
sporangia terminal, about two thirds immersed in the host, obovoid 
or oval, 3 4 p in diameter, 6 8 p long 

Endophytic m Erythrophyllum delesaenoides, dredged from a 
depth of 5-8 fathoms near Port Angeles, Washington, Nov 10, 
1935 Type Jao No 1238 

In size these plants are almost like Acrochaetium emergens (Rosenv ) 
Hamel, but A emergens has its fronds horizontally extended in the 
mucilage layer of the host In general appearance this species also 
resembles Rhodochorton coccineum Drew, but differs from it in having 
monospores 

Menibranoptera Weeksiae Setch. & Gardn. 

In general appearance this species is similar to M tenuis Kylin, 
which was found by dredging off Canoe Island and Peavme Pass, 
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Washington, but the resemblance is merely in ramification and 
small size M Weeksute differs much from M tenuis in having a 
distinct macroscopic midrib and microscopic side veins 

The local form is mostly found epizoic on Sertulana and epi¬ 
phytic on Opuntiella califomica (Farlow) Kylm, or sometimes on 
gravel or empty shells Both male and female plants are usually 
smaller than tetrasponc plants The cystocarps are almost always 
on the midnb of the first fork at the apex of the frond The largest 
plants found by the writer were only 3 cm high The width is mostly 
0 5-1 0 sometimes only 0 2 mm Otherwise they are similar to the 
typical plants found at Pacific Grove This species is new to records 
of the northwest coast of North America 

Port Crescent Bay, near Port Angeles and West Point, Seattle, 
dredged at a depth of 15-30 m , Nov 10 and Dec 7, 1935 

University of Washington 
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EXPLANATION OF PLATE XII 

Fias 1-2 ScMzogontvm rnurale f uniwnalum, f tiov Figure* 1, a group of 
the filaments, showing the different 1>pes of rluzoidal brunches, X 366, 
Figure 2, a pari of the filament, showing the rhloroplasts, X 550 

Fiob 3-5 Chaeiomorpha tcnuwmma, «p nov Figure 3, a group of plants 
epiphytic on Acrochaetium rhizoidcutn, X 55, Figure 4, an apex of the fruit¬ 
ing filament, Hhowing the mature zoospores and the mucronate terminal 
coJl, X 550, Figure 5, a basal part of the filament, allowing the holdfast 
and the tumid joints of the cells, X 550 

Fio 6 Codtclum puaiUum f Hubnexstle, f nov X 16b The three plants to the 
right represent the common form 

Fiofl 7-10 Phaeophtla polymorpha , sp nov X 550 Figures 7 9, young 
cells, showing the developmental stages of the hair, Figure 10, typical 
vegetative cells and a mature zoosporangium 

Fios 11-13 Derbesta paetjim, sp nov Figure 11, a part of the plant, 
showing the creeping and the erect filaments, the upper part, of the main 
filament being broken off, about X 30, Figures 12-13, the mature zoflspo- 
rangia, X 188 

Fig 14 Derbesta muchertaeforints (Harv ) J Ag X 188 A mature zottspo- 
rangium 









EXPLANATION OF PLATE XIII 

Figs 1-4 Punctana ortnculata , sp nov Figures 1 2, two mature plants of 
different sizes, sketched from the living plants, X 0 5, Figure 3, a pm- 
tion of the 1 surface, showing the foim and the arrangement of the vegetatm 
cells and the maluit sporangia and gametangia, X 250, Figuie 4, a <ross 
section of the frond, X 250 

Figs 5 7 Piastola limans sp nov Figure 5, a habit sketch of a group of 
living plants, X I, Figure 0, a marginal portion of the fiond, showing the 
arrangement of the cells, X 550, Figure 7, a basal pail of the frond, (on- 
taining two rows of alls and showing the stellate ehromatophores, X 550 

Fiqh 8 10 Monontroma fractum , sp nov Figure 8, a habit sketch of a 
living plant, X 0 5, Figure 9, a portion of the frond, showing the form and 
the arrangement of the cells and the fragmentation grooves, X 250, Fig¬ 
uie 10, a cross section of the fiond, showing the (ell form and the fragmen¬ 
tation grooves, X 360 




EXPLANATION OF PLATE MV 

Figs 1 1 Acrochfutium Erifthrophtflluni , sp nov Figuie 1, a transvemt st<- 
tion of the frond of Erylhrophyllum <l<Utts<nouh showing the endophvlu 
filumt nts of \crochaetiutn Erythtophyllum , with Kubendoph\tu monospo- 
rangm, X 5)0, Figure 2, thi indoph\tu filaments vit wed from the surfau 
of the host, X >50, Figuie 3, a single roll, showing the i hrotnatophon, 
X noo 

Fiu 4 ('onchocchu rosea Hatters X 550 A giouf) of plants, show ing the vege¬ 
tative hlaments and the feitile all rows, with the monosporangia 

Figh 5 11 Pylaiella ynwhifigtonu rmx, sp nov tiguu 5, a part of the fila¬ 
ment, showing the lamifnatnm and the teiinitial and the interealan gam- 
efaiigia, about X >2, Figures 6, 0, parts of fh< filaments, showing the 
rlit/oidal biam Ikh and two types of gametangia, X 2 r »0, Figuie 7, a holdfast, 
X 250, Figure 8, a terminal ganii tangium, X 250, Figures 10 11, parts of 
the filament, showing the earliei developmental stages of thi jjmsoidal 
brant lies and the < hiomatophores, X 250 










NOTES ON NEW OR UNUSUAL MICHIGAN 
DISCt)MYCETES IV* 

BESSIE B KANOUSE 

N INETEEN species that are additions to the record of Michigan 
discomyeotes are listed One new species, Aleuna michtganen- 
ins, sp nov , is described and one new combination, Peziza matures - 
cens (Boud) Kanouse, is made All collections cited have been 
determined by the author and are deposited in the Herbarium of 
the University of Michigan 

This is a continuation of previous studies made by the author 

(2-4) 

List of Species 

Aleuna michig&nen&is, sp nov 1 — Apothecia solitary or scattered, 
short-stipitate, convex, reaching a diameter of 2-4 cm , surface 
plane becoming rugose, hypothocium thick, soft-spongy and 
watery, parenchymatous, cells very large and thin-walled, “pecan- 
brown” (R) 2 to “vinaceous tawny” or “pinkish buff,” context 
“light vinaceous fawn,” margin uneven, sterile, composed of 
long, blunt, thm-walled cells, stipe 1 cm thick, 5 mm high, 
aaci cykndnc-clavate, 8-spored, 325-400 X 18-25 fx, spores el¬ 
liptical, smooth in age becoming finely irregularly reticulate, 
without oil drops, granular contents disposed at the ends of the 
spores, hyaline, becoming faintly yellowish brown, 18-22 X 10-12 

* Papers from the Department of Botany and the Herbarium of the Uni¬ 
versity of Michigan, No 536 

1 Aleuria mlchlganensii, sp nov — Apothecns sohtarus vel smarms, sub- 
stipitatis, convene, 2-4 cm latis, plants deindc rugosis, margine miquuo, sterili, 
stipite 1 cm denso, 5 mm alto, hypothfechs densis, molliter spongiosis, aquosis, 
compositis laxe ex magma cellulis, ascis cyhndnco-clavatis, 8-spons, 325-400 
X 18-26 Mi spondns ellipticis, primum levibus demde irregulanter subreticulatis, 
sme oleants guttis, pnmum hyalinis deindc pallide fuscis, 18-22 X 10-12 m, 
paraphysibus oopiosus, apioe mcrassatis, 10-12 m diametro 

In ligno putndo Logit Alexander H Smith (3953), Scio, Michigan, June 27, 
1935 Specimen typicum in herbario Umversitatis Michiganensis conservatum 
1 Ridgway, E, Color Standards and Color Nomenclature 1912 
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ft, paraphyses numerous, enlarged at the apices, reaching a 
diameter of 10-12 ju 

On very rotten wood Type collected at Scio, Michigan, 
June 27, 1935, by Alexander H Smith (3953), on wet wood, 
Dexter, Michigan, June 11,1935, A H Smith (3952) Type de¬ 
posited in the Herbanum of the University of Michigan 
This fungus is illustrated by Boucher (1) in his plate No 278 
under the name Aleuna isdbeUma Worth G Smith Boudier’s 
plate and text seem to refer to a fungus very different from the 
one named and illustrated by Worthington G Smith (11) as 
Aleuna tsabelltna Our collections are like those described by 
Boudier in all respects except one In our specimens the mature 
spores are finely reticulated He seems to have overlooked this 
point That could easily have happened, since the reticulations 
do not appear on immature spores The texture of the fresh 
plants is very characteristic They are soft and water-soaked, 
and become badly infected with grubs even in the early stages 
of development That the fungus is so quickly and completely 
destioyed by grubs probably accounts for the fact that it is not 
often encountered On drying the sue is greatly reduced, the 
texture becomes horny and the color changes to a dark reddish 
brown A thick weft of byphae closely resembling the vesiculose 
cells found in the hypothecium is usually found on the sub¬ 
stratum underneath the apothecia Numerous spherical bodies 
resembling conidia are frequently present The relationship of 
these to the fungus has not been determined 

Abcobolus carbonariub Karst —On burnt-over soil, Lakeland, 
July 9,1935, Smith (1492) 

Cistklla Mali (Rehm) Nannf —On old wood, George Reserve, 
University of Michigan, Pinckney, May 15,1935, Kanouae (1561) 
This species has very small apothecia, which measure less than 
0 5 mm in diameter It is recognizable in part by the spher¬ 
ical swellings at the tips of the hairs on the outside of the apo¬ 
thecia and by the fact that the hairs are held together more 
or less definitely in toothlike fascicles The asci are 4- and 8- 
spored 

Coccomyceb coronatus (Fr) de Not (PI XV, Pig 1) — On de¬ 
caying leaves, chiefly poplar, Marquette, Sept 14,1935, E B 
and E. E Mams (35-30) 
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Dabyscypha pulverulenta (Lib) Sacc. var bolfateka Sacc — 
On decaying needles of Pmua sp , Little Lake, Sept 13, 1934, 
E B. and E E. Mains (34-197) Phillips (8), in commenting 
upon LachneUa solfatera (Cke & Ellis) Phill, says that this species 
is nearly related to L pulverulenta Lib, which by some authors 
would be considered only a variety He gives the color as citnne 
yellow Saccardo properly transferred the species to the genus 
Dasyscypha and made the fungus a variety of D pulverulenta 
No 1730 of Rehm’s Ascomyceten is a decidedly red-yellow plant, 
and the citnne-yellow plants in Phillips’ English collections and 
our Michigan specimens seem to fall properly within the limits 
of a variety 

Geofyxib flavidula Vel — On wet burnt-over sand, Dexter, June 
11, 1935, Smith (1341) The plants in our collections seem to 
be like those described and illustrated by Velenovsky (14) They 
are short-stipitate The apothecia become expanded and are 
somewhat scalloped when fully expanded The spores measure 

14-16(18) X 8-9 m 

Helotium maobosporum Pk — On sticks, Marquette, Sept 6,1934, 
Mains * (34-47) Our collection was compared with the type m 
the New York State Museum, Albany, New York The species 
is known by its large robust stature and by the unusually large 
spores, which measure 18-20 X 8 p 

Helotium bparsum Boud — On rotting lea\ es in swamp, Marquette, 
Sept 10, 1934, Mains (34-144) The apothecia are minute and 
hyaline They bear asci and Hpores that are remarkably large 
for so small a plant The width of the cups when spread by the 
pressure of a cover glass is only about 400 p, whereas the asci 
measure 100-110 X 10-12 p and the spores 18 X 7-8 p The 
pendium is poorly developed Boudier’s (1) plate No 495 is 
an excellent illustration 

Helvella latibpora Boud (PI XVI, Fig 3) — On ground in oak 
woods, Scio, June 24,1935, Smith (3954) The species was found 
in abundance on high upland hillsides, which ib a umque location 
for helvellas Boucher's plate No 233 is a good reproduction 
The stipes in our Michigan specunens measured 6-9 cm in height 
by 6 mm. m width. The edges of the apothecia were inrolled 
in a very characteristic manner, as is shown by Boudier and as 

1 When no initials are used with this name, the collector n always E B Maine 
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is also shown xn the photograph which accompanies this paper 
(sec PI XVI) The eolor of the tops of the apothccia is “avel- 
laneous” (R), and underneath it is “tilleul buff ” 

Humarina aggregata (B & C) Seaver — On burnt-over sandy 
soil, Ann Arbor, June 11, 1935, Smith (3955) The fungus was 
found growing in confluent masses The delicate fringe at the 
edges of the apothecia is a diagnostic character 
Humarina orthotricha (Cke & Ellis) Seaver — On earth among 
mosses, Ann Arbor, June 12-17, 1935, Smith (1339) 

Humarina tktraspoha (Fuck) Seaver — On peat in a bog, Ann 
Arbor, March 30, 1930, Smith (3957) This species is easily 
distinguished by the four large spores m each aseus 
Lamprospora Dbntonia Brenckle —On wet earth, Silver Lake, 
Dexter, June 10,1935, Smith (1340) 

Melachroia xanthomela (Pers) Boud (PI XV, Fig 2) — On 
rotting bark, L’Anse, Sept 6,1935, Mams (35-28), on soil among 
mosses, Marquette, Sept 14, 1935, Mains (35-29) This is a 
strikingly beautiful species It is distinguished by the green¬ 
ish yellow color of the apothecia, the conspicuous heavy, dark 
brown margin, and the delicate dark-colored fleckings on the 
outside of the apothecia The fungus is apparently rarely col¬ 
lected 

Rehm considered that a subiculum was present in the genus 
Melachroia This character, however, does not seem to be con¬ 
stant Starback (13) refers to European specimens at Upsala 
in which the subiculum is lacking He states that Rehm re¬ 
garded them as M xanlhomela {, alhathm Rehm In our col¬ 
lections there is no subiculum, nor is there any in the specimens 
of M xanlhomela f americana Rehm in Rehm’s Ascomyceten 
No 403b, which has been examined by the author 

The color of the fungus changes decidedly in drying The in¬ 
side is then reddish brown and the outside is considerably 
The yellow and green shades entirely disappear. 

M xanlhomela f americana was separated because of the some¬ 
what contracted basal portion of the apothecia Some of our 
plants and those of Boudier’s illustrations of M xanlhomela show 
this character, but it does not seem sufficient evidence upon 
which to establish a variety Considering the apparent variability 
m the color, the presence or the absence of a subiculum, and the 
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sbght difference* in the shape of the base, it seems probable that 
the two forms, f athalhna and f amencana, are but reasonable 
variations within the limits of the species 

M. liinda Malengon (6) seems distinct from M xanthomda 
by the larger asci and spores and by its green color M Nymam 
Starb is said to have a pronounced olive-green color and orna¬ 
mented spores 

Peziza cebea Sow (PI. XVI, Figs 1-2) — In basement of a house, 
Warrensburg, New York, Sept 12, 1934, Smith (785), on sand 
in a garage, Ann Arbor, June 1, 1925, Jean D Arnold (351) 
This species has been misinterpreted and confused with other 
species in the genus It is apparently rarely collected Although 
the specific characters are clearly marked, the species has been 
questioned by some authors Lloyd (5) published a good photo¬ 
graph of a single apotheeium His accompanying comments 
based upon his observations of this North American collection 
describe our plants The waxy, fragile consistency of the cups, 
together with the almost translucent appearance of the fresh 
plants, are distinguishing macroscopic features In the dry con¬ 
dition the apothecia are very bnttle The spores are smooth, 
hyaline, and measure 11-13 X 8-9 n The accompanying photo¬ 
graphs (see PI XVI) show the substipitate condition, which 
somewhat suggests a species of Macropodia However, the fungus 
cannot be assigned to that genus because of the absence of hairs 
or tomentum and because of the texture As Lloyd pointed out, 
the illustrations published by Sowerby (12) do not fully represent 
the fungus No 135 in Ellis’ North American Fungi is incor¬ 
rectly named Peziza cerea Sow 

Peziza maturescens (Boud), comb nov — On sticks in woods, 
Pinckney, July 1, 1935, Smith (3560) This fungus is appar¬ 
ently uncommon, Bince it is not listed for North America by 
Beaver (10) Boudier (1) has an excellent plate, jwhich shows 
the velvety surface of the apotheeium and gives a perfect repro¬ 
duction of the colors of the fresh plants. The Bpecies was called 
Dxsciotis maturescens by Boudier Saccardo (9) transferred it 
to the genus Discina, but it cannot be included m that genus, 
since the spores are not apiculate 

Sctjtula efiqena (Nyl) Rehm — On PeUtgera canina (L ) Willd, 
Dexter, June 16,1635, Smith (1344). 
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Sphaerospora trechibpora (Fuck) Seaver — On nch soil in woods, 
Scio, July 23, 1935, Smith (3964) 

Tapebia tenebrosa (Karst) Nannf — On oak bark, Cascade Glen, 
Ann Arbor, May 10, 1933, Smith (33-13) The distinguishing 
feature about this species is the presence of stroma-like banes 
of coarse dark hyphae on which the apothecia are seated Nann- 
feldt (7) has studied this structure and illustrates it well The 
aaci in the Michigan specimens measure 35-40 X 5-6 fx, the 
spores, 5-5 5 X 1.5-2 n 

University op Michigan 
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CELL OUTGROWTHS FROM WOUNDED 
SURFACES OF PLANTS IN DAMP 
ATMOSPHERES * 

CARL D LaRUE 
INTRODUCTION 

T HE healing of wounds on leaves and stems of plants has been 
treated extensively by M assart (30), who studied the reaction of 
plant surfaces exposed to the open air Usually, under such con¬ 
ditions, the tissues soon form a protective layer of penderm, as 
M assart found and as Wylie (53), Priestley and Woffenden (32), and 
others have since observed Under more moist atmospheric con¬ 
ditions penderm is not ordinarily formed at once, though it may 
develop later, and some sort of hypertrophy of the cells on the ex¬ 
posed surfaces takes place The literature of callus, as the hyper¬ 
trophied masses are often called, is extensive, since it is reviewed 
in some detail by Ktister (17) it is unnecessary to cite references 
here other than those which have special bearing on the study re¬ 
ported in this paper 

The well-known experiments of Haberlandt (7) on the out¬ 
growths on cut surfaces of kohlrabi stems seem to have some con¬ 
nection with the structures observed in the present study. He found 
that surfaces which had been washed thoroughly with water did not 
proliferate, but that if, after they had been washed, the wounds 
were covered with crushed parenchyma of kohlrabi, the outgrowths 
would form as on the unwashed surfaces Haberlandt thought the 
proliferations were caused by the presence of a wound hormone which 
had been removed by washing with water Wehnelt (47) found that 
a number of substances would cause cell division in the tissue of the 
inside of bean pods and that this result could be produced by water 
and alcoholic extracts of young bean leaves 

* Papers from the Department of Botany of the University of Michigan, 
No MX A part of this work was done at the University of Michigan Biological 
Station 
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Cell outgrowths seem to be related to the lenticular outgrowths 
described by Dcvaux (5), Schilling (36), Wisniewski (50), Hahn, 
Hartley, and Hhoades (9), and numerous others Likewise, they 
appear not unrelated to the hypertrophied tissues of numerous galls 
due to various agencies (Khster, 16, Smith, 39) 

The intumescences of plants which have been studied by Dale 
(4), Atkinson (1), Wallace (45), Sorauer (40), La Rue (21, 22, 23), 
Von Sclirenk (44), Wolf (51), KOstcr (14,15), Harvey (10), and other 
investigators, although they begin their development under the 
epidermis, are otherwise not unlike the cell hypertrophies which 
develop on the tissues that have been exposed by wounding 

Tyloses (6, 13) are cell protuberances which appear to belong to 
the same general group of tissue reactions as callus, intumescences, 
and galls, and the peculiar pearly dropkke growths, known to the 
Germans as Perldrusen (46), which often appear on leaves of the 
Virginia creeper and of the Japanese ivy m wet seasons, seem to 
belong in the same category 

For a number of years the author lias been concerned with the 
abnormal growth and reactions of vanous plants, as well as with the 
behavior of such tissues m regeneration (18, 19, 20, 24, 25, 28) 
He became interested m the idea of totipotent cellB as discussed 
by Erwin F Smith (39), and the present study began m a survey 
of plant tissues to determine which possessed totipotence and thus 
conceivably were able to regenerate Recent successes in the cul¬ 
ture of tissues of spermatophytes by White (49) and La Rue (26, 
27) may make the survey more valuable, since it may aid m some 
degree in the choice of tissues for attempted cultures 

EXPERIMENTAL WORE 

Callus development on leaves 

Mature leaves of the different species were cut or tom in a 
variety of ways to expose the mesophyll Without further treat¬ 
ment the pieces thus produced were laid on moist paper toweling 
in closed damp chambers Experience with young leaves had shown 
that they were unusually subject to decay and seldom hved Tnog 
enough to Bhow full reaction. 

In many leaves the development was not extensive cnnngh to 
deserve the name “callus," but in others it could properly be so 
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designated If true callus developed, it appeared first and was most 
fully exhibited on the cut ends of veins or along the sides of exposed 
vascular bundles Callus often appeared on the cut ends of petioles, 
and not infrequently on the bases of petioles not wounded beyond 
the injury incident to their removal from their twigs 

The outgrowths usually appeared as pronounced Bwelhngs of the 
uninjured cells on the exposed surfaces These were much like the 
hypertrophies seen in intumescences on leaves In some species they 
developed from one part of the mesophyll, m others from another 
part, and in many they arose indifferently from all parts of the 
mesophyll, and even from the epidermis 

Between different species of plants there were many differences 
in the aspect of the protuberances which arose from the cells In 
certain species those swellings arose from every unwounded cell 
on the* cut surface, but in others only a cell here and there was 
involved Some leaves ceased apparent development when the 
existing cells had swollen to their limit, but in many there was a 
multiplication of cells with the resultant formation of callus Where 
cell multiplication was abundant a true callus did not always form, 
for in numerous examples the repeated cell division led to the pro¬ 
duction of oliainB of cells which did not fuse to form callus On 



Fio 4 Cell outgrowth** from wounded leaves The figures were drawn from 
prepared slides with a camera lucida A Cell outgrowths on a wounded 
leaf of Vinca minor B Cross section of a leaf of Aster laevis, showing a 
strong callus development from mesophyll exposed by a wound C Cross 
section of a leaf of JVmum oleander The beginning of periderm develop* 
ment may be seen in the outer part of the callus 

some of these chains the terminal cells expanded into strange and 
grotesque shapes similar to those pictured by Vdchtmg (43), from 
kohlrabi, or the forms shown by the epidermal outgrowths on leaves 
attacked by mites (16, 17, 41) Figure 4 gives an idea of the ap¬ 
pearance of these outgrowths, although m these sections the ex- 
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panmon of the cells is less pronounced than it appears to be when 
the wounded surface is examined with a binocular microscope 
Figure 4 A is a cross section of a wounded leaf of Vinca minor 
The callus tissue’appears at the nght of the figure. Figure 4B 
is a cross section of a wounded leaf of Aster hevts , which shows 
the very strong development of callus that is characteristic of this 
species Figure 4C is a cross section of a sclerophyllous leaf of 
Nenum oleander At the left end of the section callus appears in 
which periderm is beginning to form 

The number of leaves which produced no outgrowths is surpris¬ 
ingly large ; and indicates that the mature leaf is not usually made 
up of reactive, much less totipotent, cells 

The reactions of the leaves to wounding are recorded in Table I 

TABLE I 

Development of Callus on Wounded Sukfackh of Leaves 


1 « callus very well developed 

2 « callus slightly developed 

3 — no callus 


4 

- callus on ends of petioles 


5 

- adventitious roots produced 


Species 

Extent of 
outgrowth 

Species 

Extent of 
outgroioth 

Acacia Riceana 

3 

Chrysanthemum maximum 

2 

Acer pennsylvanlcum 

3 

Citrus aurantium 

2 

Acer rubrum 

3 

Clintoma borealis 

3 

Acer saccharuis 

3 

Coleus Blumei 

3,5 

Acorns calamus 

3 

Comandra umbell&ta 

2 

Alnus mcana 

3 

Commehna bengalensis 

3 

Aloe ciliaris 

1 

Cotyledon fulgens 

3,5 

Althaea rosea 

2 

Crassula arborescens 

3,5 

Antirrhinum znajus 

3 

Crataegus sp 

1.4 

Aquilegia canadensis 

2 

Cupressus Lawsomana 

3 

Asclepi&s syriaca 

1 

Cynoglossum vulgar© 

3 

Aster lae vis 

1 

Echeveria enstata 

3,5 

Aucuba japonioa 

2 

Echevena glauoa 

8 

Begonia peltata 

3,5 

Echeveria leucotnchia 

. 3,5 

Begonia Scharfflana 

3, 5 

Echeveria scaphylla 

3 

Braesica nigra 

3 

Erigeron canadensis 

. 3 

Bryophyllum calyoinum 

2 

Euonymus aureus 

1 

Bryophyllum erenatum 

1 

Euonymus variegatus 

1 

Byrnessia Weinbergii 

3,5 

Fagus grandif olia 

8 

Chenopodium album 

1 

Ficus rubesoens . , 

8 

Chrysanthemum leucan- 


Fragaria viiguuca 

. 4 

themum. 

. 1 

Fuchsia hybrids . 

. 2,5 
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Species 

Extent of 
outgrowth 

Species 

Extent of 
outgrowth 

G&ultheria procumbens 

2 

Populus tae&mahaoa 

3,4 

Gnaphalium lanatum 

3 

Populus tremuloides 

3,4 

Hedera helix 

1,4,5 

Ptens aquihna 

3 

Helianthus annuus 

3 

Pyrola elhptica 

3 

Hibiscus rosa-einensis 

2 

Quercua bicolor 

3 

Hibiscus tiliaoeus 

3 

Quercus borealis 

3 

Hoya caraosa 

1.4 

Radicula aquatica 

1,6 

Humulua lupulus 

4 

Reinwardtia mdica 

3 

Ins lacustns 

3 

Rumex acetosella 

3 

Kalanohoe camea 

3,5 

Sahx longifolia 

1.4 

Kalanchoe marmorata 

3 

Sambuous canadensis 

3 

Lenophyllum guttatum 

3, 5 

Sanseviena cylindrica 

3,5 

Ligustrum japonicum 

2 

Sanseviena zeylamca 

3,5 

Lychnis alba 

3 

Sarracema purpurea 

3 

Lyslmachia nummulana 

2,4,5 

Sedum acre 

3 

Matthiola incana 

3 

Sedum compressum 

3 

Mehanthus major 

3 

Sequoia sempervirens 

3 

Mitcheila repens 

2 

Solanum mmiatum 

3 

Myrtis communis 

2 

Tilia amen can a 

3 

Nelumbo lutca 

3 

Ulmus amencana 

3 

Nenum oleander 

1.4 

Utriculana Bp 

3 

Nicotians glauca 

3 

Vaccmium canadense 

3 

Nymphaea advena 

. 3 

Verbascum thapsus 

3 

Oenothera biennis 

3 

Veronica speciosa 

3 

Pereskia Pereskia 

3,5 

Vinca major 

1 

Polygonum amphibium 

3 

Vmca minor 

1 

Polystichum aculeatum 

3 

Vjtis vulpina 

3,4 

Populus grondidentata 

3,4 

Ximene amencana 

2 


It is difficult to draw conclusions concerning the reactions of 
these leaves. The ferns, which have each been tried more than once, 
show no reaction whatever However, the first and the second 
and, sometimes, the third leaf of a young fern plant may undergo 
regeneration and produce gametophytes, as Heilbronn (11), Woronrn 
(52), and Lawton (29) have shown Holden (12) reported the forma* 
tion of cell outgrowths in wounds on the petioles of Pterts aqut- 
Itna. Great variation was to be expected in such a miscellaneous 
group, and it is difficult to draw conclusions concerning the reactions 
of these leaves. ' 

As a group, the monocotyledonous plants are probably to be 
regarded as nonreactive, having little power to regenerate or to 
produce outgrowths This idea is borne out by the behavior of Iris, 
Acoria, Clintonia, and Commelina, and by the results of Rodger 
(34) on periderm formation. On the other hand, Aloe eiharts pro- 
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duces some of the strongest callus developments seen in this survey, 
and Sansevieria readily forms roots and stems from pieces of leaves, 
although it does not form callus 

In general, leaves of the sclerophyllous type, even in damp at¬ 
mospheres, appear to form periderm rather than callus, and of this 
behavior Citrus aurantium is a good example Here again excep¬ 
tions are found in Nenurn oleander, Vinca minor, and Hedera helix, 
which form very abundant callus 

The leaves of succulents usually tend to form penderm on wounded 
surfaces unless kept very moist, and then they rot without showing 
any reaction Several species other than those listed w Table I have 
been observed, they follow the same behavior pattern as those listed 
However, Aloe cilians has succulent leaves, as does Hoya camosa 
also, yet both these callus very well 

Some leaves form callus abundantly on petioles, but none on 
portions of the leaf blade, others show exactly the opposite procedure 
It must be recognised, too, that these trials are not absolutely con¬ 
clusive, since the conditions may not have been optimum for all 
leaves These results do not always agree with those reported for 
the reaction of wounds on leaves still attached to their stems For 
example, Ktister (17) reports that the cells bordering the lacunae 
in Nymphaeaceae produce threadlike outgrowths in wounds, but 
no such reaction has ever been seen by the author 

The extent to which periderm formation followed wounding in 
these leaves was not investigated, but that penderm formation 
may follow the production of callus is shown m Figure 4C Rodger 
(34) found that actual submergence in water did not prevent the 
development of penderm in wounded leaves, though it did inhibit 
cell outgrowth 

The experimental production of cell outgrowth in wounded leaves 

In a previous paper (19) the author desenbed the separation 
of the lower epidermis and a hypodermal layer from the mesopbyll 
m mature leaves of Mitchella repens Since these layers are nor¬ 
mally separated from the spongy mesophyll and can be removed 
without injury to that tissue, this species appeared to be well suited 
to attempts to induce cell proliferation from exposed but unwounded 
tissues In Table I Mitchella repens is recorded with a rating of 2, 
because it does form outgrowths along the midrib and around the 
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edges of leaves from which the lower epidermis has been cut It also 
forms callus w response to wounding in any part of the leaf, but 
the unwounded spongy mesophyll normally shows no cell outgrowth 
The lower epidermis was removed from leaves of Mitchella, which 
were then laid m moist chambers with the upper epidermis in con¬ 
tact with moist filter paper Several leaves were kept m this condi¬ 
tion as controls On others drops of synthetic heteroauxm 1 solution 
— 0 5 mg auxin to 100 ml of water — were placed In Figure 5 A 



Fia 6 The production of cell outgrowths in leaves of MttcheUa repent by the 
application of heteroauxin The figures wore drawn from prepared slides 
with the aid of a Bausch and Lomb projection apparatus A Cross sec¬ 
tion of a normal leaf B Cross section of a leaf from which the lower 
epidermis and a hypodermal layer have been removed C Cross section of 
a leaf from which the lower epidermis and a hypodermal layer have been 
removed, showing one of the occasional outgrowths produced without the 
application of auxin D Cross section of a leaf similar to that shown in C, 
but cut through the region on which a drop of heteroauxin had stood 

is shown a cross section of a normal leaf of MttcheUa repens, in 
Figure 5B, a cross-section view of a leaf after the lower epidermis 
and the hypodermal layer had been removed. The drops of hetero¬ 
auxin solution were placed on exposed cells, such as are shown in 
this figure. 

1 The heteroauxm wps supplied by Professor F W Went of the California 
Institute of Technology 
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The control leaves showed no apparent outgrowths under a bin¬ 
ocular microscope with a magnification of 30 diameters Sections 
of these leaves exhibited no change over the greater part of the 
surface, but in some places small outgrowths appeared, of which 
that shown in Figure 5 C is typical. It was impossible to tell whether 
or not slight injuries were responsible for these proliferations 

Under the vascular bundles little outgrowth was seen, but a 
strong development of penderm was apparent Penderm was not 
found anywhere except in the vicinity of vascular bundles Cell 
outgrowths were abundant around the margins of the leaves where 
the lower epidermis had been cut away. 

The treated leaves showed outgrowths only along the midnb 
and around the margins until the drops of heteroauxin solution had 
disappeared Then the whole of each area which had been covered 
by a drop of solution began to form outgrowths These developed 
until each area became a sort of plateau, which rose above the 
level of the surrounding tissue by an amount equal to, or greater 
than, the entire thickness of the original leaf At first these flat 
disks were made up of scattered chains of glistening white cells, 
but later the chains became much more closely packed together 
The cells gradually developed chlorophyll until they became of the 
same color as the normal undisturbed mesophyll which surrounded 
them Figure 5D shows a cross section of a leaf through a part 
of one of the areas over which a drop of heteroauxin solution had 
stood The contrast with the proliferation on a control leaf (Fig. 5 C) 
is obvious 

The experiment with the water solution of auxin was repeated 
with precuely the same result Later, experiments were performed 
with the same method, but with lanolin impregnated with the syn¬ 
thetic heteroauxin — 0.5 mg. heteroauxin to 100 cc. of lanolin 
Small dots of lanolin were applied to the exposed mesophyll of the 
leaves 

The lanolin caused noticeable injury to the mesophyll cells to 
which it was applied, but beyond the injured areas rings of cell 
outgrowths appeared which were identical in structure and develop¬ 
ment with those shown in Figure 5D 

Leaves of Coreopsis lanceolate were tested with heteroauxin hi 
lanolin applied to leaves from which the lower epidermis had been 
peeled. As a result, the cells immediately under the lanolin became 
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discolored, but showed some swelling Around the discolored areas 
a strong development of cell outgrowths took place Untreated 
control leaves and Untreated areas on the experimental leaves pro¬ 
duced scattered small proliferations 

Callus development on wounded stem tissues 

The stems of a number of different plants were out into pieces 
one or two inches in length These segments were then cut ho as 
to expose the different layers of the cortex or the bark, the cambium 
on the inside of the cortex or the bark, the cambium on the surface 
of the xylem, and the pith In addition to the exposure of the ray 
initials in the cambium, the twigs were split so as to expose the rays 
in radial section Woody plants were generally represented by twigs 
one, two, or three years old 

The stem segments were enclosed in damp chambers and in 
contact with moist paper toweling The results of the treatment 
are given m Table II 


TABLE II 

Nature and Extent or Cell Outgkowths on Wounded Stems 

B * outgrowth from cambium on inside of cortex or bark 
C « outgrowth from cortex or bark 
X — outgrowth from cambium oh xylem 
R * outgrowth from rays 
E - outgrowth from cut end of stem 
P - outgrowth from pith 
Rt » adventitious roots formed 
O - no outgrowth of any kind 


Species 

Cell outgrowth 

Spectea 

Cell outgrowth 

Acorus calamus 

0 

Botrychium virgima- 


Agropyron repens 


num 

O 

(aenal stem) 

0 

Brasmoa nigra . 

B, C, E, P, X 
B.E.X 

Agropyron repens 


Cel&strus scandens 

(rhiiome) 

O 

Chenopodium album 

B, C, E, P, X 

Allan thus glandulosa 

E, B, C, X 

Comandra umbellata E 

Alnus incana 

B, C, X 

Comus circinata 

B,X 

Amelanohier spicatum E 

Corylus amencana 

0 

Antennaria sp 

c 

Crataegus sp 

B, E, P, X 

Apooynum cannabi- 


Cynogloasum vulgare C, E, P 

num 

C, E,X 

Decodon verticillata 

B,C, X 

Arotostaphylos uvar 

Diervilla lonioera 

B, C, X 

unrf 

B, C, X 

Eleocharis rostellata 

0 

Asdepias syriaca 

C,X 

Equisetum hiemalo 

Rt 

Aster laevis 

C,p,x 

Engeron canadensis 

B, C, E, R, X 
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Specie* Cell outgrowth 

Forsythia suspensa B, C f E, X 
Fragana virgimca E 
Fraxinus amcncana B, E, X 
Geum nvale O 

Hedera helix C, P 

HelianthuB annum; C, X 
Hippuns vulgaris E 
HumuluB lupulus 
(aerial Btem) B f C, E, P f X 
Humulua lupulus 
(underground stem) B, C, Rt, X 
Ilex verticillata O 

Lepidium virgimtum E, P 
Ligustrum vulgare P 

Lychnis alba O 

Lycium halimifohum C, P, Rt 
Lycopersicon esculen- 
tum B, C, E y X 

Lycopodium compla- 
natum 0 

Lycopodium annoti- 
num O 

Lywmachia nummu- 
lana Rt 

Maianthemum cana- 
dense O 

Malvft rotundifoha B, C, E 
Mynophyllum hetero- 
phyllum O 

Nemopanthus mu- 
cron ata C 

Oenothera biennis B, C, E, X 

Phaseolus vulgaris C, P 

Ftnus strobus B, C, X 

Polygonum amphi- 
bium O 


Species Cell outgrowth 

Populus grandiden- 
tata 4 B, C, E, X 
Populus tacamahaca B, C, E, P t X 
Populus tremuloides B, C, E, X 
Prunus pennsylvamca B, C, E 
Prunus pumila O 

Prunus serotina B, C, X 
Prunus Virginian a B, C, X 
Ftens aquilina O 

Pyrola elliptica O 
Pyrus malus B, C, X 

Quercua borealis B, R 
Radicula aquatica B, C f E, P, X 
Rhus typhina C 

Ribcs aureum P 

Rubun aUeghemensis B, C, X 
Rubus occidentalis E, X 
Rumex acetosella E 
Salix longifolia B, C, E, X 

Salix lucida B, C, E, X, R 

Sumbucus canadensis B, C, E, X 
Sambucus racemosa B, C, E f X 
Saponana officinalis B, C, X 
Sarracenia purpurea O 
Scirpus amoncanus O 
Scirpus vahduB O 
Solanum Dulcamara B, C, E, P f R, X 
TaxuB canadensis B, X 
Tiha americana B, C» E, X 
Tsuga canadensis B, X 
Verbascum thapsus O 
Veronica americana O 
Viburnum acenfohum C, X 
Viburnum cassanoides C, X 
Vinca minor B, C, P r X 

Vitis Vulpina B, C, E, X 


Only a few of the Ptendophyta were studied, but none of these 
produced cell proliferations. Pteru aquilina always perished without 
showing any change. Species of Equisetum produce no cell out¬ 
growths, but root readily in water and produce shoots from preformed 
buds, as Bhown by Schaffner (35) and by the writer in unpublished 
studies Botrychium tnrgimanum forms no callus, but in nature it 
propagates by root sprouts, a fact generally known (Campbell, 3). 
Species of Lycopodium do not form callus, but form roots spantely 
on cuttings (Barrows, 2, Roberts and Herty, 3). Altogether the 
Ptendophyta may be considered unregenerative. 
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The stems of monocotyledonous plants, as represented in this 
list, are all unable to form callus 

Nearly all the herbaceous species are able to sprout from crowns 
or from rhizomes and are regarded by the author (25) as types 
specialized in vegetative reproduction, and, as usually appears to 
be true of such types, they have little or no power of regeneration 
Such a notorious weed as Agropyron repens reproduces itself vege- 
tatively only by the growth of preformed buds and will not regener¬ 
ate at all 

Several woody plants, Ribes aureum, Rhus typhina, Ligustrum 
vulgare, Ilex verticillata, Primus pumila, Viburnum acenfohum, 
Viburnum cassanotdes, and Nemopanthus mucronata were less reactive 
than most of the trees These are all shrubby plants which sprout 
readily from the roots and may be regarded as types specialized for 
vegetative reproduction Prunus pumila offers a decided contrast 
to the tree cherries It must not be overlooked that Sambucus 
canadensis, Sahx lucida, and Solanum Dulcamara are among the most 
active in the formation of cell outgrowths, yet all sprout readily 
from roots, as do the poplars, in which the abundant formation of 
callus has been studied by Simon (38) 

On the wood of several species the cambium did not produce out¬ 
growths, but callus developed from the ends of the rays In Hevea 
brasthensts, the ParA rubber tree, it has often been noted by the 
writer that new bark may be regenerated over cambium, which has 
been killed by drying, by outgrowths from the ends of the rays 
This regeneration in Hevea has been described by Sharpies and 
Gunnery (37) Similar behavior in Acer rubrum has been observed 
by the author 


DISCUSSION 

The jimilanty of the cells formed in lenticular outgrowths, 
intumescences, tyloses, certain types of galls, Perldrtisen, and callus 
suggests the presence of some basic similarity in the stimulus which 
is directly responsible for their production The phenomenon repre¬ 
sented by the change from normal, apparently mature cells into cells 
capable of assuming unusual shapes and sizes or even into menste- 
matic cells capable of repeated division, is at least a puzzling one 
Intumescences have been shown to be due to a variety of different 
causes The writer has found very recently that intumescences on 
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leaves of Populua grandidentata may be produced by applications of 
heteroauxin 

Haberlandt (7) noted the development of cell reactions m the 
neighborhood of phloem elements, and assumed the presence of a 
leptohormone produced in the phloem The work of Went (48) and 
others on the plant growth hormone, auxin, shows that this substance 
is transported in the phloem, and this fact may account for the cell 
behavior noted by Haberlandt, as well as for similar reactions ob¬ 
served in leaves in this study Recent observations by Merry (31) 
in the author’s laboratory prove that pendcrm formation may take 
place in tissues which have no phloem. He found that the endosperm 
of Cnnum asudtcum, which is a very homogenous tissue, forms pen- 
derm normally over its surface, which is not protected by a seed coat, 
and also on the surfaces of wounds 

Whether the wounding of tissues produces a hormone, as Ha¬ 
berlandt (8) believes, may be questioned Many wounded tissues 
do not react at all, as this study shows, and we know that in¬ 
tumescences, tyloses, etc, may be formed without the wounding 
of any cells. The reaction of Mttchella repena to the apphcation 
of heteroauxin shows that this substance may cause cell outgrowths 
to be formed on unwounded, but exposed, tissues Whether the 
extracts which Wehnelt (47) found capable of producing cell divi¬ 
sion in the tissue of bean pods contained auxin remains to be de¬ 
termined 

The production of intumescences m Mttchella repena and Htera- 
cium venoeum (23) in response to wounding might be interpreted as 
an indication of the presence of a wound hormone, but other ex¬ 
planations are possible The writer believes that, in general, wound¬ 
ing merely releases the pressure which tends to prevent the swelling 
of the cells, which is able sometimes to take place in spite of this 
pressure, as intumescence formation shows Cell projection into 
protoxylem lacunae, the occurrence of falae tyloaea in ream ducts, 
and probably tyloses themselves are examples of the tendency of 
cells to expand when pressure is removed. 

Inasmuch as auxin appears to be needed for cell wall growth — 
and practically all the cell outgrowths which have been mentioned 
here involve some increase in cell sise though they may include cell 
division also — it appears that all these growths, lenticular out¬ 
growths, intumescences, galls, PerldrUaen, tyloses, etc, are effects 
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oi the action of auxin. The wide differences in causal agencies seem 
irreconcilable, but may be regarded as affecting the production, 
transport, localisation of auxin, or perhaps even the sensitivity of the 
cells to the action of auxin 

The undoubted effects of water supply, temperature, oxygen 
tension, etc , emphasised by Swingle (42), are admittedly important, 
but are believed to be contributory to the final action of the growth 
hormone which causes the immediate increase in the area of the cell 
wall Therefore the unity of behavior m all the different species m 
producing callus, galls, etc, exists only m the final stages of the 
various processes, and the variety of treatments which can produce 
such effects remains as great as ever 

The relationship of callus to regeneration is not clear Certainly 
callus is not needed for the formation of adventitious roots, for Coleus 
leaves do not callus at all, yet they form roots very readily Nor do 
pieces of embryo which grow into plants in tissue cultures (26) show a 
development of callus Yet in Populus nigra var italica the calluses 
on twigs give rise to buds in great numbers and, m general, the forma¬ 
tion of callus precedes the regeneration of buds So far as regenerar 
tion of tissues in culture is concerned, those plants which form no cell 
outgrowths on wounds probably will not prove good subjects for 
expenment 

Some plants appear to contain totipotent cells m their tissues, what¬ 
ever their age, and these are capable of regeneration Others show 
such cells only m earlier stages of their growth In a survey like the 
present one the proper stage may not have been selected in many 
species 

Whether unreactive species are such merely because their cells 
lack auxin for growth is questionable Apparently this is true m 
some cases, for the cells nearest a source of auxin show best growth 
(m the neighborhood of vascular bundles, on the inside of the 
phloem, etc) The writer is inclined to believe that many cells may 
be supplied with auxin without causing any reaction, because these 
cells are too old or are otherwise inhibited. From numerous indica¬ 
tions there is some evidence that auxin will produce its effects, when 
applied experimentally, only in those tissues which normally show 
at least slight effects without additional auxin 

The idea is expressed here that the plant growth hormone is 
probably the immediate cause of all types of cell outgrowth, callus, 
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intumescences, galls, tyloses, etc, but there is no implication that 
this hormone will produce outgrowth in all tissues, or that there are 
not numerous other factors which exercise an influence equally great, 
if not greater, on these processes 

SUMMARY 

1 The ability of numerous species of plants to form cell out¬ 
growths from wounded leaves and stems in damp atmospheres has 
been investigated and the results are given in tabular form 

2 The morphology of the cell outgrowths is briefly treated 

3 Members of the Ptendophyta do not show callus formation 
on wounds 

4 Monocotyledonous plants usually show little or no callus 
formation, but some species are notable exceptions 

5 Sclerophyllous and succulent species, m general, tend to form 
penderm rather than callus 

6 Leaves of a number of species form adventitious roots, al¬ 
though they do not form callus 

7 The majority of dicotyledonous leaves fail to form cell out¬ 
growths 

8 Cell outgrowths have been produced on leaves of Mitchetia 
repens and Coreopsis lanceolate, by the application of hctcroauxm 

9 Most dicotyledonous stems form callus on wounds in some 
of their tissues 

10 The dicotyledonous stems which produce no callus are gen¬ 
erally those of species which have a specialized type of vegetative 
reproduction 

11 Callus formation in stems is usually strongest on the inside 
of the phloem 

12 Usually plants with great regenerative capacity show the 
strongest development of callus, but certain species which regenerate 
readily form little or no callus 

13. It is suggested that all outgrowths which involve increase m 
cell size (galls, intumescences, tyloses, lenticular outgrowths, PerU 
drusen, etc) may be alike in that auxin is the immediate cause of cell 
enlargement They may differ widely in respect to other factors 
which play important parts in their incidence and development 

Univxrbitt or Michtoan 
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FRESH-WATER ALGAE FROM TEXAS* 

LOTS C LILLI CK 

D URING the spring of 1933 a collection of fresh-water Algae 
was made, primarily in the southern Rio Grande region of 
Texas, by Dr Elzada U Clover, of the University of Michigan 
The collection represents about forty samples from ten different 
localities in the state, collected between the latter part of February 
and the end of May 

A number of groups are represented, the majority of the forms 
being members of the Chlorophyceae and Cyanophyceae Two 
rather unusual species of fresh-water Rhodophyceac have been 
identified by Dr H Skuja (of Riga, Latvia) * Batrachospermum occi- 
dentale, a new form, the descnption of which has not as yet been 
published by Dr Skuja, and Thorea andina Moeb ct Lagerh, 
which was collected from Comal Spnngs at New Braunfels This 
plant, together with Htldenbrandta nvulans (Lieb) J Ag., was 
collected from this location and distributed in the Phycotheea 
Boreah-Amencana of Collins, Holden, and Setchell (numbers 740 
and LXXIV), and both have been rediscovered at the identical 
location by Dr Clover Desmids in the present collection are ex¬ 
tremely rare and have been omitted from consideration here Dia¬ 
toms, though very abundant and even dominant in some samples, 
have likewise been omitted 

The localities from which the collections were gathered are of 
some interest The largest number of samples were taken in Feb¬ 
ruary, 1933, from the spnngs at the head of the San Marcos River, 
rising from limestone hills The Comal Spnnp, at the Ijead of the 
Comal River, New Braunfels, Comal Co, likewise fed from lime¬ 
stone hills, provides an interesting habitat in that the water is 
thermal Collections were made here m February Item a water 
hole on a ranch in Brooks Co, several miles north of the Hidalgo 

* Papers from the Department of Botany of the University of Michigan, 
No 660 
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Co line, m a sandy, alkaline area, other collections were made in 
April Among these was a new variety of Oedogomum Lake La 
Joya, in Hidalgo Co, yielded some very interesting collections m 
February The lake is a small one, covenng an area of about one- 
half square mile, fed by flood waters from the Rio Grande and by other 
waters from the surrounding gravel and limestone hills At times 
it dnes up entirely, though there is usually Borne water standing 
in it From this locality have come a new species of Gloeotnchia 
and one of Oedogomum A water hole on “El Por Vemr” Ranch, 
northwest of Mission, m Hidalgo Co, yielded other material (Apnl) 
The land in this section is very level, and the soil alkaline to neutral 
At Raymondville, Willacy Co, the land is low, the soil an acid 
sandy loam Since the water holes from which collections were 
made (May) are within twenty miles of the ocean, there is a pos¬ 
sibility of salt water being blown into them by hurricanes Between 
San Benito and Brownsville, Cameron Co, collections were made 
(March) from low marshy places filled in by flood water from the 
Rio Grande, areas which may dry up at times From Mercedes, 
Hidalgo Co, as well as from the San Benito area, has come a rare 
species of Nitella This has been found most abundantly in barrow 
pits, which are shallow depressions at the sides of a canal and which 
are filled by seepage from the canal 

Till the present time there have been almost no published records 
of Algae from Texas A few specimens have been distributed m 
exsiccatae, as mentioned in the Phycotheca Boreah-Americana and in 
Tilden’s American Algae, Century VII, Fascicle I, 1900 In Til- 
den’s Minnesota Algae, Volume I, seven species and one variety of 
Cyanophyreae are listed as occurring m Texas. Smith (1933) men¬ 
tions as occurring m the fruiting condition Dichotomonphon tuberoea 
(A Braun) Ernst, the specimens of which have been distributed 
in the Phycotheca Boreali-Amencana, number 764 Aside from 
these, there seem to be no other published records of Algae from the 
state Since the present small collection has yielded certain forms 
with extremely interesting geographical distribution as well as a 
few new forms, it would be expected that a more extensive survey 
of the field might prove very profitable Of especial interest might 
be collections from the salt-marsh areas, and from the lower parts 
of the rivers which empty into the Gulf of Mexico 
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LIST OF SPECIES 
Cyanophyceax 

CHROOCOCCACEAE 

Aphanocapsa Grevillbi (Haas) Roth — Brooks Co. 

Aphanocapsa uontana Cramer. — Mission 
Cmioococctrs minutus (Ktitz) Nftg — San Marcos, scarce 
Coelosphaxbium dobium Grun — Lake La Joya, Raymondville, 
very abundant in plankton, forming almost a pure culture 
Gloeocapsa atoata (Turp) Ktitz — Brooks Co 
Gomphosfhaeria aponina Ktitz 

Merismopedia punctata Meyen —San Marcos, Lake La Joya, 
Raymondville, Comal Springs 

Merismopedia tbnuisbxma (Ktitz) Ntig — Lake La Joya, scarce 
Microcystis marginata (Menegh ) Ktitz — Lake La Joya, Comal 
Spnngs 

PLEUROCAPSACEAE 

Xenococcus chroococcoideb Fntsch. — Comal Spnngs, on Cla- 
dophora glomerata 

CHAMAESIPHONACEAE 

Chamaesiphon confervicola A Braun —Comal Springs, epiphytic 
on Cladophora glomerata 

OBCILLATORIACEAB 

Lyngbya sp. — San Marcos, scarce 
Oscillatoria brevis (Ktitz) Gom — Raymondville 
Oboillatoria chalybba Mert — Rio Hondo 
Oscillatoria princeps Vauch — San Marcos, very abundant, 
Raymondville, scarce, Comal Spnngs, Rio Hondo. 

Pbormidiuu autumn ale (C. Ag ) Gom — San Marcos. 
Phoruidium tinctorium Ktitz — Comal Spnngs 
Pbormxdxvm uncinatum Gom — San Marcos. 

Spibulina major Ktitz. — Lake La Joya. 

NOSTOOACBAB 

Anabaxna contorta Bachm. (PI XVIII, Fig. 1). — San Benito; 
formerly reported from Greenland. 
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Nodulakia Harveyana Thur. — The form comes nearest to and 
probably belongs to this species 
Nostoc Linkia (Roth) Born 

8CYTONEMATACEAE 

Camptylonema indicum Schmidle — Rio Hondo, formerly reported 
from Bombay. 


RIVULAR1ACBAE 

Calothbix columbiana G S West — This form probably belongs 
here 

Calothrix scytonemicola Tilden —Probably Lake La Joya 
Calothbix stellarib Bom & Flah — San Benito 
Gloeotrichia heterocystoba, sp nov — Lake La Joya 
Leptochaete Crustacea (Rab) Kirchn — Mission 

Rhodophyceae 

batrachobpermaceae 

Batracho8permum occidentals Skuja Ms — San Marcos. 

thoreaceae 

Thorba andina Moeb. & Lagerh — Comal Springs 

SQUAMARIACEAB 

Hildenbrandia rivularis (Lieb) J Ag — Comal Springs 

Heterokontae 

TR1BON EMATACEAE 

Bumilleria exilib Klebs — San Marcos, a little large. 

Chlorophyceae 

VOLYOCACEAE 

Eudobina elegans Ehr 

Eudobina illinoibenbis Pascher — Lake La Joya 
Pandorina morum (0 F. Mail) Bory. — Lake La Joya; Raymond* 
ville 
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PALMELLOCOCCACEAE 

Sphabrocystib Schroeteri Chod — San Marcos, extremely rare 

TKTIIASPORACEAE 

Tetraspoha gelatinosa (Vaucli ) Desv — Brooks Co Probably 
this species, but poorly preserved 

chaetophoraceae 

Stigeoceonium glomeratum (Jfazcn) Collins — San Benito 

cladophoraceae 

Ceadophoka sp — Comal Springs 

Ceadophora glomerata (L) Kiitz — Comal Spnngs 

Pithophora varlans Wille — San Benito 

OKDOGON1ACEAE 

Buebochaete sp — San Marcos 

Oedogonium spp —San Marcos, Lake La Joya, San Benito, Alamo 
Oedogonium Cloverae, sp nov - Lake La Joya, San Benito (?) 
Oedogonium multibporum Wood — Raymondvillc 
Oedogonium Pringsmeimu var Nordstedtii Wittr — San Benito 
Oedogonium hufebcens var fruticOsum, var nov — Brooks Co 

SCHIZOMEHIDACEAE 

Schizomekis Leibeeinu Kiitz — Raymondvillc, very rare 

hydrodictvaceae 

Hydrodictyon reticueatum (L) Lagerh, — San Marcos, Lake La 
Joya 

Pediabtrum Boryanum (Turp) Lagerh — San Marcos, Lake La 
Joya 

Pediabtrum duplex var genuinum A Braun — Raymondville. 
Pediabtrum duplex var rbtigulatum Lagerh — Raymondville 
Pediabtrum simplex (Meyen) Lemm — Raymondville 
Pediabtrum bimplex var duodenarium (Bail) Rab — Raymond* 
ville. 

COELASTRAOBAE 

Coblabtrum mioroporum Nfig. — Raymondville. 
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OdCYSTACEAE 

Odcrsns Mabbonii Lemm —San Marcos Probably, extremely 
rare. 

OdcYSTis bupbbtrib Kircbn — Brooks Co 
TetraEdon chabbispinum (Remsch) Wille — San Marcos 

BCENEDESMACEAE 

Scenedesmub acuminatub Lagerh — Raymondville 
Scenedebmub buuga (Turp) Lagerh —San Marcos, Lake La Joya. 
Scenedebmub buuga var beriata Chod — San Marcos 
Scenedebmub quadbicauda (Turp ) Br6b — San Marcos, Lake La 
Joya. 

VAUCHERIACEAE 

Vaucheria bpp — San Marcos, San Benito 

ZYQNEMATACKAE 

Mougeotia bp. — San Marcos, Lake La Joya 

Mougeotia bphaerocarpa Wollo — San Marcop, Lake La Joya 

Spibogyba bp. — Raymondville 

Spirogyba dubla Kbtz. — Lake La Joya 

Zygnema bp — San Marcos 

CHAROPHYCEAE 

Chaba bp — San Marcos 

Chara vulgaris Linn. — Brooks Co 

Nxtblla praelonga A Br — Near San Benito, Mercedes. 

D1NOPHYCEAE 

Glbnodinium sp — Brooks Co 
PuBnuNiux bp. — Brooks Co. 

EUGLBNOPHYCEAE 

Euglbna pboxula Dang — Infected with Polyphagia Euglenae. 
Phacus flburonecteb (0 F Mtlll.) Duj. — San Benito. 

Gtoeotrlchia beterocystosa, sp. nov. 

(PI XVIII, Figs 4-6) 

Plant mass an expanded, shapeless, gelatinous stratum, frequently 
several centimeters in extent; filaments originally radiating from 
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a common center, later scattered irregularly m the gelatinous matrix, 
old tnchomcs up to 1 mm. or more long, tapenng slightly, not 
ending in a hair, but hairs frequently present m young filaments, 
sheaths colorless, widely divergently saccate, sometimes showing 
faint laminations, rarely extending much beyond the resting spores, 
false branching absent or very rare, cells at the base 6-10 p wide, 
0 5-1 diameter long, gradually narrowing toward the tip and in¬ 
creasing in length to as much as four or more times the width, con¬ 
stricted at the cross walls, the contents smooth or slightly granular, 
pseudovacuoles absent, color aerugmose, hormogoma of many cells 
a frequent means of reproduction, resting spores normally straight, 
cylindrical or swollen at the base, 25-65 p long, 8-21 p wide, the 
outer membrane smooth, colorless or rarely faintly yellow in older 
filaments, single or, less commonly, paired when sometimes separated 
by a heterocyst, rarely intercalary, heterocysts usually terminal and 
spherical, rarely ovoid, flattened where m contact with the resting 
cell, 8-12 p m diameter, l-several together, intercalary heterocysts 
usually compressed, 1-several together, usually 2-3 characteristically 
following the resting spores 

Thallo expanso gelatinoso irregulan, fills pnmo e centra radianti- 
bus, postea in stratum gelatmosum amorphum laxe consociatis, 
tnchomatibus usque ad 1 mm longis longionbusve, paulo attenuates 
sed non in pilum productis, frequenter pila in fills immaturis; vaguus 
achromatis, amplis, saccatis, intcrdum vix lamellosis, divergentibus, 
raro multo post sporas productis, pseudoramis absentibus vel rans- 
simis; celluhs basahbus 6-10 p crassis, diametro 0 5-1-plo longioribus, 
paulatim ad apicem attenuate et 4-plo vel plus crescentibus, ad 
dissepimenta constnctis, contcntis laevibus aut paulo granulosis, 
haud pseudovacuohs, aerugmeis, propagations hormogonns fre¬ 
quenter, spons rectis cyhndncisque aut basi paulo inflatis, 25-65 p 
longis, 8-21 p crassis, tegumento extenon laevi, achromato, aut 
ranus palhde luteo aetate progrediente, sohtarus aut ranus 2- 
senatim, heterocystis mterpositis vel non, intenectis spons raro; 
heteroeystis temunalibus, fere sphaencis vel sphaenco-depreasis, 
raro ovahbus, diametro 8-12 p, intercalanbus, fere compressis, 
heteroeystis temunalibus 1 vel pluribus, heterocystis intercalaribua 
1 vel pluribus, semper 1, fere 2-3 sporas sequentibus. 

Type locality. — Lake La Joya, La Joya, Texas 

Collector. — Dr. E. U Clover, February 28,1033. 



148 


Lois C. LiUick 


This species is characterized by the scattered condition of the 
filaments within a gelatinous stratum, a habit not unknown, but 
widely different from that ordinarily found within the genus It 
shows its essential relationship to the genus, however, through the 
occurrence of young colonies m spherical groups within the general 
gelatinous matrix A more noteworthy characteristic is the constant 
occurrence in mature filaments of one or more heterocysts separating 
the resting spore from the first vegetative cell 

The most closely related species is G Pilgeri Schmidle from 
Brazil, from which G heterorysta is readily distinguishable The 
Brazilian species grows m hemispherical masses of microscopic size, 
containing but few filaments, the ends of which terminate in hairs 
that extend out beyond the limits of the mass The individual 
sheaths are hyalme at first, later becoming yellow-brown and difflu¬ 
ent The cells of the tnchomo are about 8 n wide, and 1-1 5 times as 
long, suddenly ( ? ) running out into a short hair Heterocysts are 
basal often 2, and mtercalary between the resting spores, and often 
at the site of Ihe uppermost resting cell Resting si Hires ellipsoid to 
rounded, cylindrical, mostly slightly curved, with a smooth firm 
outer membrane, 12-16 m wide, 29-70 n long, often several m a 
senes but separated by heterocysts 

G heierocydosa differs from G Pilgeri chiefly m growth habit, in 
its colorless sheaths and colorless or light yellow spore membranes, in 
its straight resting spores, whu h are almost always solitary and which 
when in senes are not necessarily separated by a heterocyst, in the 
deciduous character of the hairs, and in the complete inclusion of the 
tnchomes within the gelatinous mass 

Oedogomum Cloverae, sp nov. 

(PI XVIII, Firs 2-3) 

Dioeuous, nannandrous, oogonium single, more rarely two to¬ 
gether, ellipsoid to subelhpsoid, opening by a lid, division supreme 
or nearly so, 23-30 m long, 19-22 n wide, oospore conforming to 
the obgonium or more rarely subglobose, filling the oogonium, 21-25 n 
long, 18-21 n wide, spore wall very thick, yellow-brown, of three 
layers, the inner two smooth, the outer layer covered with closely set 
short spines, the middle layer thick, suffultory cell not inflated, 
dwarf males on (or, rarely, near) the obgonium, not on the suffultory 
cell, one- or often 2-3-celled, frequently curved toward the obgonium, 
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stipe cell 5-6 p wide, 13-17 ju long, anthendia single or two together, 
4-5 p wide, c 6 m long, vegetative cells cylindrical, 3-6 p wide*, c 
16-30 p or more long, epiphytic on other algae 

Dioicum, nannandnum, oogonus singulis, ranus 2, elhpsoideis 
vel subclhpsoideis, opereulo apertis, cireumseissione supremis aut 
paene su premia, 23-30 p longis, 19 22 p crassis, oospons oogonus 
eonformantibus et lumen complentibus aut ranus subglobosis, 21- 
25 p longis, 18-21 p latis, membrana crassa tnplici, brunnco-lutea, 
endospono laevi, mesospono erasso laevique, epispono echinato, 
eellulis suffultoms non tumidis, nannandnbus in oogonus (rarissime 
ad), nec in eellulis suffultoms, 1- vel saepe 2-3-eellulis, frequenter 
eurvatis, stipite 5-6 p erasso, 13-17 p longo, anthendns 1-2, 
4 5 ju crassis, c Q p longis, eellulis vegetativis eyhndneis, 3-6 p 
crassis, c 16-30 p longis vel longionbus, epiphyticis in alns algis 
Type locality — Lake La Joy a, Hidalgo Co , Texas 
Collector — Dr E U Clover, February 28, 1933 
This species lies very dose to Oedogonium longatum Kutz and Oe 
rugulosum Nordst It differs from both species in the character of 
its spore wall, m the supreme division, and in the shape of the 
oogonium The oogoma and the oospores are somewhat larger than 
those of Oe longatum 

The form was collected from a number of different localities m 
Lake La Joya, and was found on several different hosts 

Oedogonium rufescens var. fruticosum, var. nov. 

Odgoma usually more than one, commonly 2*-5-, up to 9-senate, 
vegetative cells nearly eapitcllate 

Oogoma frequenter non solitaria, plerumque 2-5-senata vel raro 
9-seriata, eellulis vegetativis fere capitellatis 

Type locality — Brooks Co , near Hidalgo Co line. 

Collector — Dr E U Clover, Apnl 9, 1933 

Nitella praelonga A. Br, # 

(PL XVII, PI XVIII, Figs 7-9) 

Nitella praelonga A Br, which is said to be the largest known 
Nitella, is a form apparently of extremely rare occurrence Re¬ 
corded from the North Amencan continent only, it has been col¬ 
lected but twice before from the "Santee Canal,” South Carolina, 
by Dr Ravanel, m 1853, and also from Texas by Lindheimer, in the 
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summers of 1847 and 1848 ; "in three creeks between the upper Gua¬ 
deloupe and Pierdenales, often at a depth of ten feet” (Allen, 1894). 
It was collected m rather large quantities in February, 1933, and 
again in December, 1934, by Dr Clover from two localities in Texas, 
a low marshy area filled by flood waters from the Rio Grande, be¬ 
tween San Benito and Brownsville, and most abundantly from barrow 
pits near Mercedes It is interesting to note that these two stations 
are very distant from those in which Lindheimer made hu collections 
Because of the rarity of the plant and because literature referring to 
the form is very scarce, it seems advisable to include here a descrip¬ 
tion based upon the present abundant collections 

Plants robust, varying from 10 to 60 cm high (reported to reach 
a height of 6 feet or more); lightly mcrusted with lime, uncorticated, 
branchlets straight, 6-12, commonly 9 or 10, in a verticil, sterile 
branchletB varying from 1 5 to 2 times as long as the internodes to 0 5 
times as long or slightly shorter, unfurcated but with a cluster of 
minute terminal rays at the tips which are very inconspicuous and 
easily lost, plants monoecious, fertile branchlets as many as 6 in one 
whorl, shorter than the sterile ones, bearing anthendia and oogonia 
in compact terminal cones, made up of 2-6, usually 4, fertile whorls, 
one or two short branchlets in some originating just above the first 
fertile whorl, so that the cone may appear branched, reproductive 
structures enclosed in a gelatinous exudation, the cone made up of 
a compact senes of whorls of branchlets arising at right angles 
to the central axis, normally 8, rarely 7 branchlets in a whorl, each 
branchlet once divided, the first segment short, giving nse to 3 sterile 
bracts and a terminal anthendium on a long flask cell, the oogonium 
ansrng at the node on the adaxial surface, the sterile bracts tending to 
enclose the reproductive structures; anthendia produced before the 
obgonia and matunng early, so that in the basal part of the cone the 
oOgoma appear to be terminal on the branchlet, anthendia 250- 
375 n in diameter, 8 shield cells; ofigoma 650-775 n long, 500-600 ji 
wide, cortical cells with 7-9 convolutions, coronula up to 40 high, 
early deciduous; oOspores 425-510 (i long, 365-500 n wide, black or 
very dark brown, bearing 6-7 deep spiral furrows 

The cones bear a striking resemblance to those of Equisetum 
both in external appearance and in the arrangement of the fertile 
whorls The incrustation of the plants is of the banded type usually 
found in this genus The ofigoma correspond exactly in position to 
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the stenle bracts in relation to the anthendia Sterile plants may 
form whorls of bulbils at the nodes instead of branchlets, no branch 
being formed on the plant, or at least none persisting. 

The characteristic features of N pradonga are: (1) the manner 
of bearing reproductive structures universally on much-reduced and 
modified branches borne in whorls compacted into cones, (2) the 
solitary oogonia, (3) the terminal reproductive areas, (4) the non¬ 
forking stenle branches, (5) the large number of branchlets in a 
whorl, and (6) the proportionally long branchlets 

The wnter wishes to acknowledge with gratitude the assistance of 
Dr Wm Randolph Taylor, under whose guidance the work haa been 
earned out, and of Dr Elzada U Clover and Professor H H Bart¬ 
lett, of the University of Michigan, for aid in the wnting of the 
paper She is indebted to Dr L H Tiffany of Ohio State University 
for advice upon the treatment of the new Oedogoma and to Dr G 0 
Allen of England for the identification of Nttella praelonga 

University of Michigan 
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EXPLANATION OF PLATE XVII 

NUella praelonga 

Fig 1 Section through mature cone, showing position of oogonia, X 19 
Fig 2 Section through young cone, showing position of anthendia and ocSgo- 
nia, X 38 

Fig 3 Habit sketch, X 1 

Fig 4 Mature ohgomum containing otapore, X 62 
Fig 5 Young obgonium, showing crown cells, X 215 





EXPLANATION OF PLATE XVIII 

Fig 1 Anahaerta canU>rta f X 70() 

Fui 2 OrdoQomum Cfovrrar, anthondiuui and nngomum, X 1680 
Fig 3 Oedogonium Clovrrai , oOHport , X 1560 
Fu» 4 Glorotnchta krterocystnua, X 466 

Fig 5 Glototnchia heiet ocynlosa, mtling wporc and heteroeysts, X 010 

Fig 6 GloeotnrMa hdcrocyHlona, young filftim nt, X 470 

Fig 7 NxteUa pradonga , aiiihcndml plate, X 74 

Fia 8 Nitella prarhmga, young fertile branchlet, adaxial view, X 68 

Fig 0 Nitella praelonga, young fi rtjle branehlet, abaxml view, X 68 





RUSTS FROM THE LOWER RIO GRANDE 
VALLEY, TEXAS * 

EDWIN B MAINS 

T HIS paper is based on collections of rusts obtained by Dr EI- 
zada U Clover in an investigation of the flora of the lower 
Rio Grande Valley of Texas Her study was made in five counties, 
Zapata, Starr, Hidalgo, Cameron, and Wallacy, during three penods 
June to September, 1932, February to July, 1933, and November, 
1933, to February, 1934 

Although attention was directed mostly to phanerogams, other 
groups were by no means neglected, and some very interesting col¬ 
lections were obtained, especially in the Uredmales In this order 
forty collections distributed among twenty-six species were secured 
These have furnished important additional information in regard to 
the rusts of southern Texas Twenty of the twenty-six species are 
mostly tropical in their distribution It is, therefore, puzzling to 
find in this predominately tropical flora two species, Melampsora 
monttcola and Pucctnta omaia , which have hitherto been reported 
from somewhat restricted areas in the north temperate zone Four 
species, Melampsora monttcola , Uromyces leptodermus , Pucctnta Lan- 
tanae , and P omaia , are apparently reported for the first time from 
Texas Pucctnta tncondita has previously been known only from the 
type A microcyclic rust of Baccharts glutxnosa proves to be an un- 
desenbed species As a result of the study of Pucctnta Camehae 
it is concluded that the species belongs in the genus Angiopsora 

List of Species 

Melampsora monticola Mains — On Euphorbia (Galarrhoeus) sp , 
Swallow's Club House, Alamo, Hidalgo Co, April 12,1033 (889); 
associated with Uromyces distyosperma This rust has hitherto 
been reported only from the Rocky Mountain region from Wyo- 

* Papers from the Department of Botany and the Herbarium of the Uni¬ 
versity of Michigan, No 669. 
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ming to the southern part of California Therefore to find it 
occurring m a rust flora which is predominately tropical is as¬ 
tonishing Arthur 1 lists Tithymalus leptocerus (Engelm ) Arth , 
T Palmeri (Engelm) Abrams, and T robustus (Engelm ) Small 
as hosts These species are retained in the genus Euphorbia 
by some authors and are placed in the genus Galarrhoeus by 
others 

Physopella Fici (Cast) Arth — On Ficus canca L, Agricultural 
Experiment Station, Weslaco, Hidalgo Co, Sept 10, 1032 (556) 
A common rust of Ficus, specially in tropical regions 

Kuehneola malvtcola (Speg) Arth —On Hibiscus cardtophylla 
Gray, Rio Grand City, Starr Co, Deo 1,1933 (1373a). This rust 
ranges from southern United States southward into the west 
Indies and Central and South America 

Angiopsora Cameliae (Mayor), comb nov (Uredo Camdiae Mayor, 
Pucctnia Cameliae Arth ) — On Selana macrostachya H B K , 
west of Raymondville, Wallacy Co, Feb 10, 1934 (1768) In 
the United States this rust has been reported only from Texas 
It has also been collected in the West Indies and northern South 
America As a result of a study of specimens in the Herbarium 
of the University of Michigan it is concluded that the species 
belongs in the genus Angiopsora. The uredinia are deep-seated 
and more or less covered by the overarching epidermiB and 
paraphyses The paraphyses are few and peripheral, thin-walied, 
hyaline or yellowish, clavate, 6-9 p broad and 30-40 p long 
The uredimospores are apparently sessile The teliospores are 
one-celled, 10-15 X 16-28 p, no pedicels are evident, and the 
Bpores are catenulate in rows of 1 to 4. They are thin-walled 
except for the uppermost spores, which are thickened at the 
apex, 6-10 p 

Ubomyceb dictyospehma E A E — On Euphorbia (Galarrhoeus) sp , 
Swallow’s Club House, Alamo, Hidalgo Co., April 12,1933 (889), 
associated with Mdampsora monticola. This species ranges from 
Texas northward and westward It has been reported from Texas 
on Euphorbia arkansana 

Ubomyceb leptodebmub Syd — On Panicum purpurascens Raddi 
(P barbtnode Trin), Palm Grove, Brownsville, Cameron Co., 

i Arthur, Joseph Charles, Manual of the Ruek *n United Blake and Canada. 

Purdue Research Foundation, Lafayette, Indiana. 1984. 
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Dec 10, 1033 (1511) This specimen has the uniformly thin- 
walled tehospoioa characteristic of U lepiodermus Arthur 
reports the species from southern Florida It has also been re¬ 
ported m the West Indies, Mexico, and Central and South 
America 

Puccinia Arechavalktae Speg — On Cardtospermum Ilalicacabum 
L, Swallow’s Club House, Alamo, Hidalgo Co, April 12, 1933 
(891); near Rio Grande River, Havana, Hidalgo Co, May 15, 
1933 (1125) A tropical rust which enters the United States in 
southernmost Florida and Texas 

Puccinia Baccharidis D & H — On Bacchant glutinosa Pers, near 
Rio Grande River, Alamo, Hidalgo Co , April 15, 1933 (919, 
920) This rust has been collected in southwestern United States 
from Texas to southern California It ranges south into South 
America 

Puccinia canaliculata (Sehw) Lagcrli — On Cyperus esculentus L, 
Palm Grove, Brownsville, Cameron Co, Dec 10, 1033 (1517) 
A common rust from Canada southward into South America 

Puccinia Cenchbi D & H — On Cenckrus parctflorus Benth , IjB 
Joya, Hidalgo Co, March 6, 1933 (731), Alamo, Hidalgo Co, 
Dee 7, 1933 (1479) Arthur reports this rust from Florida, 
Oklahoma, and Texas, also Central America and the West 
Indies 

Puccinia cbabsifes B & C — On lpomoea mexicana Gray, Palm 
Grove, Brownsville, Cameron Co, Dec 10,1933 (1533) Arthur 
reports this rust from southeastern United States, West Indies, 
Mexico, and Central and South America 

Puccinia Helianthi Schw —On Hehanthus cucumenfoltus Ton 
A Gray, on the banks of the Rio Grand River, Alamo, Hidalgo 
Co, April 15,1933 (912) A widely distributed rust 

Puccinia heterospora B AC. — On Abuttlon parvulum A Gray, 
Edinburg, Hidalgo Co, Dec 30, 1033 (1589); Hibiscus cardto- 
phyUus A. Gray, Bio Grande City, Starr Co, Dec 1,1933 (1373b), 
Sida phytocalyx A Gray, Alamo, Hidalgo Co, Dec 1,1933 (1495) 
A common rust on species of the Malvaceae throughout the 
warmer parts of the world. 

Puccinia incondita Arth. — On Solarium tnquetrum Cov, in chap¬ 
arral, Alamo, Hidalgo Co., April 12, 1933 (884) Apparently 
previously collected only from the type locality, Austin, Texas 
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Puccinia Lantanae Farl — On Goniostachium citrosum Small, Bio 
Hondo, Cameron Co, Dec 12, 1933 (1567) This species has 
been reported in southern Florida Arthur also lists it from 
Bermuda, West Indies, Mexico, and Central and South America 
Puccinia eevis (Sacc & Bizz) Magn — On Panieum fasciculatum 
Schwartz, Palm Grove, Brownsville, Cameron Co, Apnl 21,1933 
(957) A common rust of tropical America, extending into the 
United States in southern Mississippi, Louisiana, and Texas 
Puccinia Melampodii D & H —On Parthemum Hyslerophorus 
L, Alamo, Hidalgo Co, July 16, 1932 (151) Arthur reports 
this species from western Texas It is widely distributed m 
tropical America 

Puccinia obnata Arth & Holw — On Rumex mexicanus Meisn , 
Palm Grove, Brownsville, Cameron Co, Apnl 21, 1933 (952), 
Rumex sp , Alamo, Hidalgo Co , April 12, 1933 (869) The oc¬ 
currence of this species in a flora which is predominately tropical 
is very interesting Arthur gives the distribution in North 
Amenca as Maine to Alberta near the Internationa] boundary 
between the United States and Canada It also occurs in northern 
and eastern European Russia The correlated, long-cycled species, 
Puccinia. Phragmiles, has a much wider distnbution It is possible 
that short cycling has occurred in several isolated areas 
Puccinia Paspalicola (P Henn) Arth — Aecia, on Solanum sp 
(1784), uredmia on Paspalum sp (1783), Goodwin's Club House, 
Hidalgo Co , Feb 13,1934 A common rust of the tropics 
Puccinia purpuhea Cooke — On Sorghum halapense (L) Pers, 
Alamo, Hidalgo Co, May 20, 1933 (1183), Edinburg, Hidalgo 
Co, Dec 31, 1933 (1615) A common rust throughout the 
southern part of the United States wherever sorghum is grown 
Puccinia Raunkaerii Ferd & Winge — On Runna lams L, near 
the Rio Grande, Tabasco, Hidalgo Co, July 25, 1932 (217), 
Swallow's Club House, Alamo, Hidalgo Co , April 12,1933 (890) 
In the United States this rust has been reported only from 
southern Texas It also occurs in the West Indies and South 
Amenca 

Puccinia ripana, sp nov —Tellus hypophyllis, brunneis, pulvmatis, 
0.2 mm latis, aggregate, tekospons oblongis, 12-18 X 30-44 ft, 
apice rotundatis, medio lemter constnctis, deorsum rotundatis 
vel lemter attenuatis, membrama flavo-brunneis, 1 ft crasais, 
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ad apicem 6-10 ju, pedicellis 4 X 10-30 p In folus Bacchartdis 
glutinosae, Alamo, Hidalgo Co , April 15, 1933, Elzada U Clover 
(1130) Specimen typirum in Herbano Umversitatis Michi- 
ganensis conservation 

Teba hypophyllous, brown, pulvmate, 0 2 mm wide, grouped, 
tchospores oblong, 12 -18 X 30-44 p, rounded above, slightly 
constricted at septum, rounded or slightly attenuated below, 
walls yellowish brown, 1 p, thickened at apex 6-10 p, pedicels 
4 X 10 30 p On Bacchans glulmosa, Alamo, Hidalgo Co, 
April 15, 1933 (1130) This species differs from the other micro- 
cyclic species on Bacchans in spore size and length of pedicel 
Puccinia Ruelliae (B & Br) Lagerh — On Rudlia tuberosa L, 
Roma, Starr Co, Dec 1, 1933 (1385, 1389A), Alamo, Hidalgo 
Co, Dec 7, 1933 (1487), Edinburg, Hidalgo Co, Jan 3, 1934 
(1607) A fairly common rust m the southern half of the United 
States and in tropical America 

Puccinia substhiata Ellis & Barth — On Paspalum Langei (Toum ) 
Nash, near Olnnto, Cameron Co, Jan 16, 1934 (1656), Setaria 
glauca (L) Beauw, Palm Grove, Brownsville, Cameron Co, 
Apnl 21, 1933 (961) A common rust of tropical Amenca 
Arthur reports it as far north as Nebraska 
Puccinia triannuuata (B & C) Jacks — On Bomchta fruiescens 
(L) DC, Clark Island, Boca Chica, Cameron Co, March 30, 
1933 (717) This species has been reported from southern United 
States, Bahama, and the Bermuda Islands 
Puccinia Xanthii Schw — On Ambrosia sp , Penitas, Hidalgo Co, 
March 15, 1933 (666), Xanthium speciosum Kearney, Roma, 
Starr Co , Sept 1, 1932 (501) A common rust with wide dis¬ 
tribution in North and South America 
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FORMATION OF PERIDERM IN THE ENDO¬ 
SPERM OF CRINUM ASIATICUM * 

JAMES MERRY 
INTRODUCTION 

M UCH work has been done on the formation of penderm m 
plant tissues. In 1880 Douhot (5) described its normal forma¬ 
tion in the various tissues of the stem Kny (6), Appel (1), Massart 
(7), Olufsen (9), Artschwager (2-3), and Shapavalov and Edson (11) 
are among those who have worked on the formation in potato They 
have shown that it is normally formed on the surface of the tuber 
and that, if the tuber is wounded, a penderm will be formed on the 
wounded surface It has been found that this wound penderm is 
formed most readily in warm and moist conditions Weimer and 
Harter (13) have done similar work on the root of the sweet potato 
Rodger (10) examined a formation of penderm as a wound reaction 
in the submerged leaves of some aquatic dicotyledons Nakano (8) 
studied callus formation and wound healing in certain embryos In 
this work he included the endosperm of Ricinus, in which he showed 
that the cells on the surface became subenzed and that divisions 
took place m a few of them, but that there was no formation of a 
penderm layer 

The formation of periderm in endosperm is of interest because 
it results from the division of cells with a tnploid chromosome count, 
and also because, after the seed matures, the endosperm normally 
exhibits no further growth, but, rather, decreases m volume as the 
embryo develops. It is significant in Crinum because, m the mature 
seed, a periderm is normally present in the endosperm as the outer 
layer of the seed. The usual seed coats and, often, the ovary wall 
are ruptured by the growth of the endosperm during the matura¬ 
tion of the seed (Coulter and Chamberlain, 4). 

* Papers from the Department of Botany of the University of Michigan, 
No. AM. 
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METHODS 

The endosperm was wounded by cutting shoes off the seeds. 
The wounded seeds and the slices from them were placed in a damp 
chamber consisting of a covered glass dish that contained damp 
paper toweling No attempt at sterilization was made beyond 
washing the seeds and keeping the dish covered The dish was 
kept at room temperature (20° C) 

The tissue was prepared for sectioning by the butyl alcohol 
method Various fixing solutions were tned, but Rawhn's and 
Zenker’s seemed to work quite satisfactorily For staining, light 
green and crystal violet were used According to Tison (12), a 
blue stain with crystal violet in ammomacal solution is an indication 
of subenzed tissue 

Study was made of the normal tissue and of the wounded tissue 
at regular intervals after woundmg 

DESCRIPTION OF NORMAL TISSUE 

The seed of Cnnum was used because at maturity it is largely 
endosperm and, since the seed is over an inch in diameter, it makes 
an excellent source of this tissue As has been stated, the normal 
seed coats and, often, the ovary wall are ruptured by the growth 
of the endosperm during the maturation of the seed Thus the outer 
layer of the seed is a thick periderm formed in the endosperm The 
surface, which is dry and corky, is light gray The outer layers of 
cells are loose, very much collapsed, and heavily subenzed. The 
next five or six layers are also heavily subenzed, but have not col¬ 
lapsed so much Beneath these are four or five layers of subenzed 
cells which are rectangular m cross section and have thinner walls 
Beneath these the cells grade off into the larger parenchymatous 
cells, which make up most of the endosperm (Fig 6A-B). 

WOUND REACTION 

Immediately after wounding the cut surface was smooth and 
damp and white One day after wounding it had a dned appear¬ 
ance and was a pale yellowish color. Two days after wounding 
it was more dned in appearance and had a pinkish tinge in places 
Three days after wounding it had a corky appearance and wae pig¬ 
mented with vanous shades of red The cells on the surface wem 
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slightly subenzed, and cells about two layers beneath the surface 
had begun to divide (Fig 6C) 

Four days after wounding the cut surface appeared more corky 
and was brownish red The cells on the surface had begun to col¬ 
lapse and had undergone further subenzation More cells beneath 
the surface had divided, some of them twice (Fig 6D) 

Five days after wounding the cut surface was still more corky 
and was reddish brown The cells on the surface had collapsed 
further. About two cell layers beneath the surface there was an 
entire layer of newly formed cells (Fig 6E) These cells differed 
from the normal internal cells (Fig 6B) in that they were rectan¬ 
gular m cross section and resembled those of the normal pendenn 
(Fig 6 A) After having been wounded so long the surface changed 
externally only in becoming drier and more corky and darker 

Six days after wounding the collapse and the subenzation on 
the surface continued, and more cells had been added to the new 
layer, which had the appearance of a penderm 

Seven days after wounding almost all the cells outside the pen- 
derm layer had collapsed and become subenzed A penderm from 
two to five cells thick had formed (Fig 6F) Beyond this point 
the division became less rapid, taking place mostly in the thinner 
parts of the penderm layer 

Fifteen days after wounding the outer cells of the penderm had 
developed thicker walls The layer was three to five cells thick 
(Fig. 6G) 

Thirty days after wounding the outer cells of the penderm 
layer were subenzed, and the layer was still three to five celk thick 
(Fig 6H) No difference m reaction was noted between the wounded 
seeds which contained embryos and the slices which did not 

DISCUSSION 

Nakano, in the only previous work known on the wound reaction 
of endosperm, found that the wounded surface of the* endosperm 
of Ricinus changed to a yellow or a yellow-brown color, that suben¬ 
zation had taken place in the two layers of cells on the wounded 
surface, and that after about ten days a few cells on the surface 
had divided one or more times. The change in color and the suben¬ 
zation of the cellB on the wounded surface are similar to the reaction 
in Crinum, but, m the latter, division took place beneath the suber- 
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laed layers, and a penderm layer several cells thick was formed No 
other record has been found of a penderm formation in endosperm 
as a wound reaction 

Nakano was inclined to explain the reaction he obtained by 
the formation of wound hormone, and the diffusion of a leptohormone 
from the embryo In Cnnum the formation of penderm was the 
same at any distance from the embryo, and pieces of endosperm 
removed from the seed formed periderm in a manner similar to 
those containing embryos Thus it would seem that the effect of 
phloem hormone can be disregarded The presence of wound hor¬ 
mone is difficult to prove or to disprove, and further study is neces¬ 
sary 

A more comparable reaction is found in the potato tuber Art- 
schwager (3) desenbes subenzation in two or three layers of cells 
beneath the cut surface and the formation of a penderm three to 
six cells thick just beneath the subenzed region This is essentially 
the same as the reaction m the endosperm of Crinum 

SUMMARY 

The mature seed of Cnnum is largely endosperm, which nor¬ 
mally has an outer layer of collapsed subenzed cell beneath which 
is a penderm layer several cells thick The intenor of the endo¬ 
sperm is made up of large parenchymatous cells 

The wound reaction of the endosperm of Cnnum, when kept 
in a damp chamber, is as follows. 

1. The wounded surface becomes dry after one day, 

2. The wounded surface changes from a white to a red color 
m two or three days, 

3. The cells on the surface begin to collapse and become subor¬ 
ned after three days, 

4 A layer of periderm is formed about two cell layers beneath 
the surface, beginning after three days and reaching its fullest ex- 


EXPLANATION OF FIGURE e 
A Normal periderm on surfaoe of mature seed 
B Normal internal time of endoeperm of mature seed 

C-H Wounded eurfaoe of endosperm 3,4,5,7,15, and 30 days, respectively, after 
wounding 
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tent (three to five cellH thick) at the end of seven days, after which 
the walls of the cells become thickened and subcnzed 

The cause of this formation is not known, but it is quite cer¬ 
tain that the embryo has no effec t It is a new reaction for endo¬ 
sperm, but similar to that of potato and other tissues 

University of Michigan 
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A STUDY OF THE WATER MOLDS OF THE 
LYDELL STATE FISH HATCHERY AT 
COMSTOCK PARK, MICHIGAN* 

EDWIN Y MON8MA 
INTRODUCTION 

I T IS a matter of common knowledge among mycologists and leh- 
thyologists that certain water molds are prevalent m fish hatch- 
eric's Fish and their eggs are often attacked by such molds, which 
effect the destruction of countless numbers It is usually assumed 
that at least one species of Saprolegnia, N parasitica Coker, is para¬ 
sitic on fish and their eggs Miss Kanouse (10) has given some 
valuable mformation on this subject in her pajier on 8 parasitica, 
published in 1932 

Coker (4), in his monograph on the Saprolegmaceae, likewise 
refers to 8 parasitica as being associated with young fish and their 
eggs, especially in hatcheries, but he also reports the collecting of 
several other species from hatchery ponds 

Two hundred and fifty-two samples of water were collected from 
15 different sources, chiefly from western Michigan, during the sum¬ 
mer of 1934 Eighteen others were taken from ponds of the Lydell 
State Fish Hatchery Of those from western Michigan 12 3 per cent 
produced water molds on hemp seeds, of those from the ponds 55 5 
per cent yielded molds This great difference could not escape atten¬ 
tion, especially since it was evident that the molds from the hatchery 
were not all 8 parasitica In a conversation with Mr Claude 
Lydell, manager of the hatchery, the writer was informed that these 
troublesome fungi had increased considerably in the last few years, 
and that great losses were being suffered each year, presumably 
because of them 

It was evident that a thorough study of the water molds of the 

* A condensed form of a thesis prepared m partial fulfillment of the re¬ 
quirements for the degree of Doctor of Philosophy, Miohigan State College 
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hatchery with reference to kinds of molds, their distribution, the 
sources of water supply, and soil contamination not only would be 
interesting and instructive, but might eventually lead to aome 
method of control 

The writer is indebted to Dr E. A Bessey, of Michigan State 
College, under whose direction this work was undertaken, for help¬ 
ful advice and encouragement, and to Dr Ralph Stob, president of 
Calvin College, who showed a spirit of helpfulness in providing lab¬ 
oratory facilities 


DESCRIPTION OF THE HATCHERY 

The Lydell State Fish Hatchery is in Comstock Park, two miles 
north of Grand Rapids, on Highway 484 The grounds cover an 
area of about 32 acres, on which 26 ponds of various sizes have been 
constructed All but one have soil bottoms Mill Creek, which 
supplies most of the ponds with water, winds through the grounds 
The hatchery proper receives its water from a tributary of Mill 
Creek, Strawberry Creek, which runs into Mill Creek about three 
quarters of a mile north Three dams have been built, one in Straw¬ 
berry Creek near its mouth, the other two in Mill Creek From a 
point above each dam the water is piped to the various ponds which 
are connected in senes, so that the water runs from one into another 
and then back into Mill Creek Each pond has a drainage pipe 
which, when open, cames the water directly to Mill Creek. 

METHODS AND TECHNIQUE 

In order to study the water-mold contamination of the hatch¬ 
ery to the best advantage it was deemed advisable to make collec¬ 
tions of both water and soil and to divide them into the following 
mam groups: (1) water from the sources; (2) water from the ponds; 
(3) soil from the bottom of the ponds, (4) soil from the hatchery 
grounds near the ponds. 

The water from the sources was collected from four locations, as 
follows: (1) Strawberry Creek, just above the dam, (2) Mill Creek, 
above the point where Strawberry Creek joins it; (3) Mill Creek, 
above the first dam; (4) Mill Creek, above the second dim. Ten 
collections were made from eaoh location, a total of 40 

Five collections of water were made from each of the 26 ponds, a 
total of 130. 
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The soil collections from the bottoms had to be taken when the 
ponds were drained Since the water is let out for only a short time 
the number was necessarily limited to 4 each from 12 ponds, 48 in 
all. For the sake of comparison, 48 soil collections were obtained 
from the hatchery grounds near each of the 12 ponds from which 
the bottom soil came 

A belt with 18 screw-top vials of 20 c c capacity was used. The 
entire sterile vial was submerged and the top removed and replaced 
below the surface of the water, eliminating the possibility of con¬ 
tamination with mold spores from other sources Soil collections 
were made m similar vials The surface soil was removed and a soil 
bonng was made with the sterile vial 

To determine the contamination of the deeper water in the 
sources, hawthorn fruits were suspended in the water m ordinary 
soap shakers The fruits were left in the water from one to two 
weeks and then examined for molds 

In the laboratory both soil and water samples were transferred 
to sterile Soyka dishes. Sterile distilled water was added to the soil, 
and the contents were mixed by agitation Then two hemp seedB 
and a house fly, sterilized in a pressure cooker under 15 lb pressure, 
were dropped into each dish If mold spores were present, the 
hyphae usually appeared on the seeds or the fly within one week 
To get these molds mto pure culture, single-hypha tips were 
transferred to potato dextrose agar plates In most cases the char¬ 
acteristics needed for their classification were obtained from these 
single-hypha cultures A few single-spore cultures were made to 
determine charactenstics more accurately. The technique used to 
isolate single spores may be considered a modified form of the method 
described by Kauffman (11) It may be summarized as follows. 
Clip off a quantity of mycelium producing sofispores; mount tbs 
in sterile water on a slide; stir it and then remove all hyphae and 
hyphal segments, so that only sofispores remain in the water, invert 
the slide and place it with the drop downward on agar m a petn 
dish; leave it this way overnight. The next morning germinating 
soflspores may be transferred, with bits of agar, to other plates It 
was found that, if the initial culture is relatively free from bacteria 
and if sterile instruments are used, this process can be employed 
without danger of contamination with more ease and m Jess time 
than any other method that was tried. In studying details of the 
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developmental processes the use of moist chamber cultures, con¬ 
structed as suggested by Giltner (6), was of great aid 

RELATIVE ABUNDANCE OF WATER MOLDS 
IN SOURCES, PONDS, AND SOIL 

The number of molds produced in specimens brought to the labo¬ 
ratory and the percentage of water-mold contamination of the sources, 
ponds, and soil, as indicated by them, are as follows 28, or 70 per 
cent, of 40 specimens collected from the sources, 71, about 55 per 
cent, of 130 specimens from the ponds, 19, about 40 per cent, of 
48 soil samples from the bottom of the ponds Examination of these 
data indicates a uniform gradation of contamination from the water 
of the sources to the water in the ponds, and again from the water 
in the ponds to the soil from the bottom of the ponds In the first, 
the contamination is 15 per cent higher than in the second, in the 
second, 15 per cent higher than in the third The high contamina¬ 
tion of the water from sources is no doubt responsible for the lower, 
but nevertheless serious, contamination of the water and the soil 
from the ponds 

CLASSIFICATION AND DESCRIPTION OF ISOLATED MOLDS 

Ah stated in the section on methods and technique, an attempt 
was made to get into smgle-hypha-tip or single-spore cultures the 120 
forms produced m the various samples of water and soil Ninety- 
four were successfully isolated The characteristics necessary for 
the classification of all but 8 were obtained by cultunng them on 
hemp seed, a house fly, and a dermestid larva. Three were definitely 
Saprolegnia, 3 were Achlya, but the characteristics for species de¬ 
termination were lacking The remaining 80 were referred to species 
with keys given by Coker (4) and by Humphrey (8) 

The species isolated and their frequency of occurrence are as 
follows* Saprolegnia parasitica, 34, £ ferax, 17, S diclina, 4; S 
hypogyna, 4, S antsospora, 2, S asterophora, 1, 8 deltca, 1; S 
mixta, 1, Achlya oblongata var globosa, 4, A Klebstana, 3, A 
racemose, 3, A amertcana, 1, A hypogyna, 1, Achlya sp. (sterile), 4 

Saprolegnia parasitica Coker 

Saprolegnia parasitica was collected from all sources except 
Strawberry Creek and from all but 9 of the 26 ponds It was found, 
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in soil as well as m water, quite consistently from September to 
January 

Kanouse (10), m 1932, definitely noted for the first time the 
appearance of obgonia in this species and described the structure 
They were produced in 10 of the 34 cultures listed above Invari¬ 
ably, however, only a few of them were found m any one culture 
Their structure agreed on the whole with that described and illus¬ 
trated by Kanouse They had diclinous antliendia, their walls 
were thm, smooth, and unpitted They measured 40-114 y, mostly 
60 -80 y Kanouse gives their size as 65-135 X 60-75 y (65-95 y) 
The oospores were dark and subcentne, 19-24 y, and a few large 
ones 28 30 y in diameter as compared with Kanouse’s 18-22 y 
Notwithstanding these differences the molds are no doubt S pa¬ 
rasitica, since the rest of our observations agree perfectly with the 
descriptions by Kanouse 

In his key to the species of Saprolcgnia Coker (4) remarks that 
S parasitica probably belongH to the ferax group However, since 
the oogone walls are thm, and juts, if present, are not conspicuous, 
and since the anthendia, at least in the mam, are diclinous, it would 
naturally fall in the diclina group 

The abundance of 8 parasitica at the hatchery may be indicated 
by the following summary of the identified forms 8, about 47 per 
cent, of the 17 forms from water at the sources, 20, about 43 per eent, 
of the 46 forms from water from the {Minds, 6, about 40 per eent, 
of the 16 forms from soil at bottoms of ponds, an average of 43 3 
per cent 

Saprolegnta ferax (Gruith) Thuret 

A large number of oogonia and a relatively small number of 
gemmae were evident in nearly all cultures With a few exceptions 
the measurements of the diameters of oogonia and oospores fell 
within the extremes given for S ferax by Coker 

Saprolegnta dtdina Humphrey 

Four cultures agreed entirely with the descriptions of S dtdina 
There can be no doubt as to their identity 

Saprolegnta hypogyna Pringshcim 

From Coker’s description of S hypogyna it is evident that it has 
great vanation in form Pnngsheim (15) first described it as a 
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vanety of £1 ferax It was recognised as a species by De Bary (2). 
Maunsio (12) hsts at least 5 varieties In America it has heretofore 
been found only by Kauffman, in Michigan 

The writer has compared the forms listed above with the ongi> 
nal illustrations and descriptions by Pnngsheim and De Bary and 
feels certain that they belong to this species Whether they are the 
same vanety as the one which Kauffman found has not been deter¬ 
mined 

Saprolegma anisospora De Bary 

Considerable difficulty was expenenced in placing 8 anisospora 
The Durchwachsung of the zoOsporangia clearly showed this form to 
be a species of Saprolegma The oospores, however, were eccentric, 
which is not charactenstic of this genus Single-spore cultures were 
made, and a tuft of mycelium that ongmated from a single spore 
and grew on a dermestid larva was mounted in a hangin g drop The 
fungus continued to grow for 48 hours, and observation soon showed 
that at least two sizes of zodspores were discharged from different 
zodsporangia, a charactenstic found in S. amsospora On the follow¬ 
ing day odgoma were starting to form They bore diclinous anther- 
idia Oospores were present the next day, they were centric 
Measurements of hyphae, zodspores, oospores, anthendia, and sod¬ 
sporangia agreed with those given by Coker, with the exception that 
the encysted zodspores vaned from 12 25 to 17 5 p The smaller 
ones were few; most of the spores were either 14 or 17.5 p. A single 
sporangium gave nse to either the larger or the smaller form The 
swimming spores, however, were about 12 p in their smallest diame¬ 
ter, which is nearer to the measurements given by Coker (4), who 
states* “ the smallest spores are about 8-9 p in diameter, others 
from 105-11.5 p, the large ones from 137-148 p" The odspores 
observed m the original culture, which were apparently eccentric, 
were similar to those illustrated by De Bary (3), who gives no 
measurements They are no doubt abnormal, and our observations 
substantiate Coker’s suggestion. “ . . one is inclined to suspect 
that De Bary, who rarely made a mistake, was in this case wrong 
in thinking the normal eggB eccentric. His figures clearly show 
eccentric eggs, but may they not have been breaking down? This 
seems the more likely as no other Saprolegma has an eccentric 
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Saprolegiua asterophora De Bary (1) 

S asterophora is characterized by proliferation of new hyphae 
through old soOsporangia and odgonia with papillae, having one, 
seldom two, oospores 

Saprolegma delica Coker 

8 delica is identified by obgoma with thin walls having incon¬ 
spicuous pits and delicate anthendia, which are for the most part 
diclinous. 

Saprolegma mixta De Bary 

S mixta is much like S ferax, listed above, except that it has 
many oogonia with anthendia Coker calls attention to the similar¬ 
ity between the two 

Achlya oblongata vnr globosa Humphrey 

The identity of A oblongata cannot be mistaken Since the 
oOgonia were nearly all spherical and the oospores averaged more 
than ten to an odgomum, these collections are, no doubt, of the 
vanety globosa, a vanety established by Humphrey (8) on the basis 
of these very characteristics 

When this vanety was first encountered, the thick and long 
hyphae were very conspicuous on hemp seed They were excep¬ 
tionally broad at the base and tapered to a point at the top One 
was found to be 271 25 p m diameter at the base When the hemp 
seed was held out of the water the hyphae stood out, perpendicular 
to the surface of the seed 

Achlya racemose Hildebrand 

The cultures of A racemosa were readily distinguished because 
of numerous odgonta on short, racemose stalks and because of short, 
unbranched anthendia arising from the odgonial stalk directly below 
the oOgonium, as described by Hildebrand (7) They had 1 to 3, 
sometimes 4, seldom 5, odspores in odgoma measuring 26.25-50 75 ju 
These figures are smaller than those given by Hildebrand (7), Hum¬ 
phrey (8), and Coker (4). The difference may be due to a nutn- 
tive factor. Pieters (13) shows that the number of ofiepores in an 
odgonium vanes according to the percentage of peptone m the me¬ 
dium. 
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Achlya Klebstana Pieters 

The cultures of A Klebstana produced larger oogonia, 63-100 p, 
and more oospores, 3-15, m each oogonium than did those described 
by Pieters (14) and Coker (4) 

Achlya amencana Humphrey 

A amencana has not hitherto been reported from Michigan 

Achlya hypogyna Coker and Pemberton 

A hypogyna has oogonia of various shapes, many with papillae 
Except for the number of oospores per oogonium, which is greater 
than that given by Coker, this form agrees with his descriptions 
and illustrations. 

Achlya sp 

In his monograph on the Saprolegniaceae Coker (4) describes and 
illustrates an Achlya species which remained sexually sterile for 
several months and in which the formation of oogonia could not be 
induced by means of culture media of various compositions Our 
cultures grew from three to four months, without producing sexual 
organs, under conditions in which other Achlya produced abundant 
oogonia This is most probably the same Achlya species as the one 
referred to by Coker 

In considering the distribution of any particular species we find 
that no species confines itself to sources, ponds, or hgiI The most 
representative species are found m all situations Those that were 
encountered four times are likely to come from two locations Seldom 
is a species found more than once or twice at a particular location 
This general distribution indicates a close connection between the 
contamination of water in the sources, of water in the ponds, and 
of soil at the bottom of the ponds 

EXPERIMENTS TO DETERMINE THE EXTENT OF PARASITISM 
OF WATER MOLDS 

Because of the abundance of various species of mold at the 
hatchery the problem of parasitism with reference to fish and their 
eggs becomes important Kanouse (10) has considered it with refer¬ 
ence to S. parasitica Coker She concludes (p 449) that the in- 
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fection of living eggs and fry by means of zoospores is not likely, 
but "that the pressure of growing hyphae on the egg membranes 
when the eggs are held tightly together is suffieient to allow pene¬ 
tration of the mycelium into the living eggs ” 

Upon the basis of the numerous infections of living fish in British 
rivers Huxley (9) more or less assumed the parasitism of a form of 
fungus, which no doubt was S parasitica Coker 

It was deemed advisable, in connection with this problem, to 
determine more definitely the extent of the probable parasitism of 
8 parasitica and other species found in collections from the hatchery 
Accordingly, the following experiments were undertaken 

1 Experiment with wall-eyed pike eggs 

Living eggs of the wall-eyed pike, Siizostedton vitreum, were ob¬ 
tained from a shipment received at the hatchery on April 20, 1935 
Four apparently living eggs were placed in each of sixty-tliree vials 
which contained 10 c c of sterile distilled water Dermestid larvae, 
supporting growths of S parasitica, were inserted into seven vials 
Others were similarly inoculated with S ferax, S dichna, S 
anisospora, A oblongata var globosa, and Achlya sp , seven of each 
form, a total of forty-two To determine whether the mycelia in 
the vials were actually producing zoospores, sterile dermestid larvae 
were placed in each one They floated on top of the water and were 
not m contact with the mycelia growing on the other larvae Any 
subsequent infection of these sterile larvae must, therefore, have 
been due to zoospores set free by the introduced mycelia The 
molds used were thus shown to be producing zodsporeg in the water 
which contained the eggs Many of the eggs adhered to the sides 
of the vials and, with a few exceptions, none were in contact with 
the mycelium at the outset of the experiment Twenty-one vials 
were not inoculated and were used as controls This was deemed 
necessary since the eggs could not be sterilized and a check was 
needed to determine the likelihood of previous infections The vials 
were placed in an icebox, where the temperature ranged from 10 to 
15 degrees, mostly 12 to 13 degrees. 

The first careful examination was made about forty-eight hours 
later, thereafter observations were recorded daily The first showed 
that about 60 per cent of the eggs in the cultures and about 50 per 
cent of those in the controls were dead The high mortality must 
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be regarded as due to factors involved in the sudden changes to 
which the eggs were subjected It is abo possible that many were 
not fertilised and, consequently, died It cannot be ascribed to 
fungous infections, since the mortality in the controls was nearly 
as high as that m the cultures We conclude that only eggs with 
great vitality survived the sudden changes These, therefore, were 
fit subjects for this experiment 

All the species infected dead fish eggs more or less readily, 
S parasitica appears to infect them most easily In no case was 
a living egg lying out of contact with the mycelium infected It 
seems, therefore, that none of these molds are parasitic on fish eggs, 
so far as infections by zoospores are concerned. 

A few living eggs were observed lying in contact with growing 
mycelium They were studied with the aid of dissecting and com¬ 
pound microscopes The hypliae had enwrapped the eggs so that 
they could not easily be dislodged and had attached themselves bo 
firmly to the membranes that it was hard to remove them This 
phenomenon was not due to pressure, since each egg had been lying 
by itself Rather, it seemed to be due to a positive tropism m the 
nature of thigmotropism The hyphae did not penetrate beyond 
the membranes, as they did in the infected dead eggs The mycelium 
was removed, so far as this was possible without injuring the eggs. 
Five of them were then isolated, put in moist chambers, and kept 
in the icebox Three were surrounded by S. parasitica, one by S. 
dtclina, and another by A oblongata var globosa 

Five days later the egg surrounded by A oblongata var. globosa 
was still alive and developing, it contained a living and active 
embryo. The hyphae showed no further development. 

Three days after isolation the egg surrounded by 8 dtdina was 
still alive. It contained a living embryo and showed no infection. 

Of the three eggs surrounded by S. parasitica one was dead and 
severely infected the following day with a tuft of new hyphae ex¬ 
tending from the focus of infection The other two were still alive, 
but each showed a distinct focus of infection They were dissected 
and examined under the compound microscope At the foci small 
rhisoid-like hyphae were clumped together on the surface, and also 
extended into the egg In these clumps there were several germinat¬ 
ing zobspores, but there was no penetration by the germ tubes. 

These observations lead to the conclusion that 8, parasitica is 
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parasitic on fish eggs This parasitism is not merely incidental or 
passive, or due to some external force such as pressure, but is active 
It is limited, however, to the extent that living eggs do not appear 
to be readily infected by single zodspores, but, owing to the abun¬ 
dant growth of the hyphae on its surface, the resistance of the egg 
is broken down and an avenue of entrance for hyphae and perhaps 
also for germ tubes is established 

For a five-week period the eggs in the controls showed no mold 
infection Between the second and the seventh dayB the mortality 
rate was about 7 per cent, m the cultures it was 80 per cent On 
the basis of these observations it may safely be concluded that the 
eggs used for this experiment had not previously been infected The 
greater rate of mortality in the cultures may have been due to the 
fact that they contained actively growing mycelium which diminished 
the relative amount of free oxygen in the water This conclusion 
is substantiated by the results obtained for one of the vials that 
contained an exceptionally weak growth of S dtchna All the eggs 
in it remained alive although the infection of the test larva on the 
surface showed that there were zoospores in the water 

8 Expertments with eggs of black bass 

Eggs of the small-mouthed black bass, Micropterus dolomieu, were 
taken from a nest in Pond 2. From the material brought into the 
laboratory 250 eggs were picked one by one They were alive 
and were apparently free from mold contamination Twenty-five 
were placed in each of ten petn dishes containing water from Straw¬ 
berry Creek, which had previously been sterilised, cooled, and aSrated 
by agitation The eggs were spaced so that no two were in contact 
and the dishes were inoculated with various mold species Any in¬ 
fection that might occur would necessarily be due to sodsporee set 
free in the water or to those that originally clung to the sticky sur¬ 
face of the egg membrane. The cultures were watched to determine 
whether mold sofispores would infect living eggs. After two dayB 
several were infected; five of them, which contained embryos that 
were definitely alive, were microscopically examined The hyphae 
had not penetrated beyond the membranes, which could readily be 
removed with fine needles. The embryo was thus set free, apparently 
alive and not infected. 

Several of the dead and infected eggs wore examined. Their 
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membranes could not be removed because of the penetration of 
hypbae into the embryo 

Fifty-three living and apparently noninfected eggs of the large¬ 
mouthed black bass, Micropterus salmoides, were put into four petn 
dishes, as in the preceding experiment Twenty-four hours later 17 
of them were dead and infected, 34 were living and not infected, and 
2 were alive and infected The membranes of the 2 were removed and 
the embryos found to be without infection One was m an advanced 
stage of development, the larva was fully formed, itB heart was beat¬ 
ing, and the blood could be seen circulating through the vessels 

S Experiment mth eggs of the bluegiU 

Whether one or more species of water molds are capable of in¬ 
fecting living fish eggs was not determined in the experiments, but 
an attempt to do so was made with eggs of the bluegill, Lepomis 
paUtdus They were taken from a bed of fine gravel and shells m 
Lake 2 of Morgan’s chain on June 12, 1935 None showed infection 
Four hundred were separated out, cleaned, washed m several changes 
of sterile water and then isolated, twenty-five in a petn dish, with 
sterilized water from Strawberry Creek Two dishes were inoculated 
with zoospores of each S parasitica, S ferax, S diclina, S anisospora, 
Achlya oblongata var globosa, A amertcana, and A Klebsiana Two 
dishes were not inoculated and were used as controls Stenle hemp 
seeds were dropped into each to test for the presence of zoospores 
Although they had been thoroughly washed and appeared to be 
entirely free from molds, it was soon evident from the infection of 
controls that the expenmental eggs were not free from contamina¬ 
tion The results arc tabulated in Table I 

The table does not record whether the infected eggs were dead 
or alive Since bluegill eggs arc small that is difficult to determine, 
even with the use of transmitted light There is reasonable certainty 
that all or nearly all the eggs found infected one day after the start 
of the experiment were living, since several of the membranes were 
removed and living embryos were found inside. One of the fourteen 
infected, presumably by S. parasitica, hatched a few hours later. 
In the others the growth of the mold increased and the embryo was 
killed. 

Since, after one day, the controls were only lightly infected, it 
is evident that the heavy infections found m the dishes inoculated 
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with S. paraatltca, S. ferax, and S. dicltna were due to the zotepores 
of these species In each the test hemp seed was infected, and the 
eggs were surrounded by active zoospores 

This experiment leads to the conclusion that the outer mem¬ 
branes of living fish eggs are readily infected by sofepores of certain 
water-mold species, including S parasitica and S ferax, which are 

TABLE I 

Amount op Infection for Blueoill Kaos Exposed to ZoOsforeb of 
Various Water Molds 



Number of infected 
eggs after start of 
experiment 

Four days after start of 
experiment 


Molds 

Number of eggs 

Total 





Infected 

Not infected 
and hatched 

Dead, not 
Infected 



1 day 

2 days 

3 days 


S parasitica 

14 

10 

20 

22 

26 

2 

50 

S ferax 


22 

23 

23 

25 

2 

GO 

S diolina 

11 

18 

20 

20 

22 

8 

50 

S anieospora 

A oblongata 

0 

13 

17 

17 

30 

3 

60 

var globosa 

1 

6 

11 

11 

31 

8 

50 

A americana 

1 

12 

18 

18 

29 

3 

50 

A Klebsiana 

3 

14 

10 

24 

26 

0 

50 

Control 

1 

2 

12 

13 

27 

10 

60 


found in large numbers in the water and the soil of the hatchery. 
As a result, the egg dies, unless the embryo is in an advanced Btage 
of development, in which case the egg will hatch and the larva will 
be unharmed 

4 Experiment with bluegiU fry 

To obtain an answer to the question, “Are living fish fry sus¬ 
ceptible to water-mold infections?” the very young bluegdl fry 
produced in the preceding experiment were used Whilg in the petn 
dishes none of the living fry became infected, though they were 
surrounded by sotieporee. For better observation they were trans¬ 
ferred to vials supplied with fresh, sterile water from Strawberry 
Creek and were inoculated with sohspores of S. parasitica, 8. ferax, 
S. dtoUna, 8 anuoepora, Adilya oblongata var. globoaa, A. amertcana, 
and A. Klebeiam. 
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Most of the fry used in this experiment hved for a week or more 
Of the 153 exposed none were infected while alive, and only 11 were 
found to be infected when dead The dead fry were removed at 
each observation Since a majority of them were without infection 
it may be assumed that the few that were found to be infected died 
from reasons other than mold infection This experiment, therefore, 
leads to the conclusion that water molds are not parasitic on fish fry. 

5 Experiment with small-mouthed bass fry 

One hundred fry of the small-mouthed bass were put into each 
of 11 battery jars at the hatchery in an effort to determine the 
parasitism of water molds on fish fry Zoospore-producing 8 para¬ 
sitica, S ferax, S diclina, S amsospora, A oblongata var globosa, A 
amencana, A. Klebsiana, and A racemosa were placed at the bottom 
of eight These molds were growing on hemp seeds, dermestid lar¬ 
vae, and pieces of boiled fish Two small dead fish, picked from 
the hatchery tanks and badly infected with mold, were put in the 
ninth jar, two were left as controls. Water, which came directly 
from Strawberry Creek, was kept running through the jars, as is cus¬ 
tomary when eggs are being hatched The fry were, therefore, under 
conditions similar to those that obtained when they were hatched 
Daily observations were made for seven days 

The first day all the fry were alive About 10 per cent of them, 
however, were covered with yellowish spots, which were thought to 
be possible foci of mold infection Twenty-four hours later the 
number of fry having such spots had increased Upon microscopic 
exa mina tion they proved to be cysts of a protozoan parasite, Ick- 
thyopkthmua multifihus, an infusorium rather abundant at fish 
hatcheries and causing a disease known as “ich ” No mold growth 
was observed, although it was looked for especially at the points of 
protozoan infection, and there was no dying off of fry until the 
fifth day. Dead specimens were removed and microscopically exam¬ 
ined each day, living ones, at the end of the experiment. Of the 
925 examined, 108 were living and not infected, 817 were dead, 
of which 411 were infected and 406 not That the living fry were ex¬ 
posed to mold zoospores is shown by the fact that infected dead speci¬ 
mens were found in all the eleven jars 

This experiment does not serve to Bhow parasitism for any par¬ 
ticular species of mold, because the controls also contained zotispoies, 
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but since no living specimens with infection were seen m any jars, 
we may conclude that none of the mold species used are parasitic 
on fry of the small-mouthed bass This conclusion is similar to that 
already reached for the bluegill fry 

6 Experiment with Lake Michigan shiners 

To determine the effects of water molds on older fish an experi¬ 
ment with Lake Michigan shiners was undertaken A battery of 
11 jars was set up, as was done in the case of the small-mouthed 
bass fry In each, 6 shiners were placed, 3 of which were injured 
on the side by means of a scalpel Daily observations were earned 
on for two weeks Dead fish were removed and examined as soon 
as they were found At the close of the period 26 had died from 
the effects of molds, 34, from other causes, 6 were still alive and 
showed no mold infection 

Of the living fish one was an injured specimen taken from the 
jar supplied with S ferax The other 5 had not been mjured, 3 
were from the jar containing A oblongata var globosa, 1 was from 
the jar with A Klebsiana, 1, from the jar with the infected fish 

Of the 34 that died umnfected, 5 escaped from the top of the 
aquarium and were found on the floor, 29 evidently could not adjust 
themselves to the confines of the aquanum, although many of them 
lived for nearly two weeks 

Special importance is attached to the 26 that died from mold 
infections The infection could nearly always be seen on the fish a 
day or two before death Once the growth got started its spread 
was very rapid Not one fish lived more than two days after the 
infection was noticed In 16 of the 26 it started at the point of 
injury on the side, in the others, which had not been injured in¬ 
tentionally, either at the tail or in the gills and head region This 
is significant, since it is well known that fish are easily mjured dunng 
handling and transportation, esjiecially at the anterior and posterior 
ends Therefore it is likely that the mfection started at a point of 
injury on each fish Under the microscope it was in every case found 
to be superficial It established itself at the point of injury and 
from there spread as a thick mat of mycelium over the rest of the 
body, without penetrating deeply into the tissues 

Dead and infected fish were found m all jars used, controls as 
well as others The experiment, therefore, does not show that any 
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particular species of mold is the offender If, however, we consider 
the mortality rate due to water mold, it does indicate that 8 para¬ 
sitica may be the chief if not the only offender For this reason 
the information that has bearing on this point is given 

TABLE II 


Mortality Rate or the Fish That Died ntoif Mold Infections 


Molds 

No of specimens 
dying from mold 

Day on which 
death occurred 

Rate of mortality 
per day 

S parasitica 

4 

3rd 

u 

S ferax 

1 

3id 

i 

S diciina 

3 

7th 

i 

S anisospora 

3 

3rd 

1 

A oblongata var 
globosa 

2 

10th 

i 

A amencana 

1 

3rd 

i 

A Kieboana 

3 

6th 

i 

A racemosa 

1 

8th 


Infected fish 

1 

6th 

i 

Control No 1 

3 

0th 

i 

Control No 2 

4 

12th 

* 

Total 

26 




8 atmospora, although it showed a mortality rate close to that 
of 8 parasitica, is rarely found at the hatchery It is doubtful, 
therefore, that it contributes toward infections in the ponds 

DISCUSSION 

Attention has been called to the general prevalence of several 
species of water moldB in the ponds of the Lydell State fish Hatchery 
It has been shown that their sodspoies readily infect dead fish eggs 
and that one or more species will infect the membranes of living eggs 
by means of their sofopores as well as by their hyphae. There is 
no doubt that the death of many thousand fish eggs m these ponds 
annually is due in part to the prevalence of these molds. The elimina¬ 
tion of water molds from this and similar situations would be of great 
benefit to fish culture The best method known at present to keep 
the fungi under control is a periodic draining and cleaning of the 
ponds. 
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SUMMARY 

1 One hundred and thirty samples of water from 26 ponds, 40 
samples of water from sources, and 115 samples of soil were col¬ 
lected from the Lydell State Fish Hatchery to determine the water- 
mold contamination of this hatchery* 

2* A method for obtaining smglc-zoosporc cultures of water molds 
is described 

3 Fourteen species of water molds wen* isolated from the water 
and the soil samples They are identified and described 

4 It is found that S parasitica Coker is more abundant in this 
situation than arc any other species isolated from the samples 

5 The streams which supply the ponds were found to be highly 
contaminated with mold spores of various species, so that the con¬ 
tamination of the ponds and the soil of the hatchery could be traced 
back to these sources 

6 Experiments to determine the extent of parasitism of S para¬ 
sitica Coker and other molds were conducted, and certain of these 
molds were found to infect membranes of living fish eggs They 
were found not to be parasitic on the fry of fish One or more of 
these molds were shown to infect older fish at injured points and to 
cause the death of such fish 

Calvin College 

Grand Rapids 


LITERATURE CITED 

1 Baby, A on 1860 Eituge neue Saprolegnieen, Jahrb f wise Bot, 

2 160-192, pis 19-21 

2 -1883 Zu Pringsheiras nouen Beobachtungen ilber den Befruch- 

tungaact dor Gattungen Arhlya und Saprolegnia Bot Zeit, 41 38-54 

3 -1888 Species dor Saprolegnieen Ibtd , 46 597-645, pis 9-10 

4. Coker, W C 1923 The Saprolegnioceae, with Notes on Other Water 

Molds, 201 pages, 63 pis University of North Carolina Tress, Chapel 
HiU, North Carolina. 

5. - and Pemberton, J D 1908 A New Species of Achlya Bot 

Gas, 45*194-196, figs 1-6* 

6. Giltner, W. 1926 Laboratory Manual in General Microbiology, 472 pages, 

72 figs John Wiley A Sons, Inc, Now York 

7 Hildebrand, F 1867-68 Mycologisohe Beitrage I ttber einige neue 
Saprolegnieen Jahrb f wise Bot, 6 249-269, pis 15-16 



182 Edwin Y. Momma 

8 Humphrey, J E 1892, J893 The Saprolegmaceae of the United States, 

with Notes on Othor Species Trans Am Phil Soc, 17 63-148, 
pis 14-20 

9 Huxley, T II 1882 Saprolegma m Relation to Salmon Disease Quart 

Journ Microsc Soc, 22 311-315 

10 Kanouse, B B 1932 A Physiological and Morphological Study of 

Saprolegma parasitica Mycologia, 27 431-452, pis 12-13 

11 Kauffman, C H 1908 A Contribution to the Physiology of the Sapro- 

legmaceae, with Special Reference to the Variations of the Sexual 
Organs Ann Bot, 23 4 362-387 

12 Maurizio, A 1894 Zur Entwickelungsgeeclnchte und Systematik der 

Saprolegmeen Flora, 79 109-158 

13 Pieters, A. J 1915 The Relation between Vegetative Vigor and Repro¬ 

duction in Some Saprolegmaceae Am Journ Bot, 2 529-576, figs 
1-2 

]4 - 1915 New Species of Achlya and of Saprolegma Bot Gas , 60 483- 

490, pi 21 

15 Pringsheim, N 1873 Weitere Nachtrftge zur Morphologic und Syste¬ 
matik der Saprolegmeen Jahrb f wiss Bot, 9 191-234, pis 17-22 



BRYOPHYTES OF THE PORCUPINE 
MOUNTAINS, ONTONAGON COUNTY, 
MICHIGAN * 

GEORGE E NICHOLS 
Yale University 
and 

WILLIAM C 8TEERE 
University of Michigan 

D URING August, 1935, the writers spent a week in the Por¬ 
cupine Mountains, in northern Michigan, with the object of 
obtaining, in the limited time available, as nearly eomplete a list 
as possible of the bryophyte flora of this region These mountains 
are one of the outstanding physiographic features of the state 
Situated well toward the westernmost border of the Upper Penin¬ 
sula, they extend for a distance of approximately twenty miles 
along the south shore of Lake Superior, reaching inland for perhaps 
a dozen miles These and the Huron Mountains, farther east, con¬ 
stitute the only areas m Michigan to which the term “mountains” 
is consistently applied Their geological features have been de¬ 
scribed by various authors, notably by Irving (4), and ecological 
reports on the vegetation have been written by Ruthvcn (5) and 
Darlington (1) Among the plants which have been listed by these 
two writers Ruthven includes thirteen lichens, but no bryophytes, 
and Darlington includes about ten mosses More recently eight 
liverworts have been recorded from this region in two papers, by 
Steere (6) and Evans and Nichols (2), on the bams pf collections 
made by Dr Darlington, Dr A H Smith, and Mrs Bayard Taylor 
No other published accounts dealing with the bryophytes of the 
Porcupines are known to the writers Several unreported collec¬ 
tions of both liverworts and mosses have been made in this 

* Contribution from tho Osborn Botanical Laboratory of Yale University 
and from the Department of Botany, the Herbarium, and die Biological Station 
of the University of Michigan. 
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region, however, by Dr Darlington and Dr E. A. Bessey, whose 
specimens were determined by Dr Grout and the junior author 
These will be referred to specifically in the pages which follow 

Most of the Porcupine Mountain country ib very rugged and 
heavily wooded Over considerable portions the forest still remains 
m essentially its primeval condition, being made up largely of hem¬ 
lock, Tsuga canadensis (L) Carr, sugar maple, Acer saccharum 
Marsh, and yellow birch, Betula lutea Michx Hemlock m par¬ 
ticular sometimes forms nearly pure stands, but in the mam the 
upland forest consists of all three trees, variously intermixed, with 
basswood, Tiha glabra Vent, red oak, Quercus borealis Michx, 
white pmc, Finns strobus L, white spruce, Picea glauca (Moench) 
Voss, balsam fir, Abies balsamea (L) Mill, and white cedar, Thuja 
occidentahs L, less abundant Some of the finest forests he along 
the road into the mountains The greater part of the area has been 
lumbered, however, and the forests which occupy it today are very 
largely second growth, showing nearly everywhere the effects of 
repeated fires Trails m this region are few, badly main tamed, and 
poorly marked, with windfalls of frequent occurrence, so that access 
is difficult to all save those small portions of the area which he within 
easy reach of the road. A new road leading into the mountains 
is in course of construction, but m the summer of 1035 access was 
by way of a rough road which was practically impassable in wet 
weather This road, hereafter designated “Mountain Road," enters 
the area from the east and m about five or six miles climbs to the 
site of an old mining camp, on a shoulder of the mountains about 
600 feet above and in full view of Lake Superior It was here that 
the writers established their headquarters. 

The most striking single physiographic feature of these moun¬ 
tains ib a high ndge which runs parallel to the shore of Lake Superior 
for fully six miles, at a distance of about a mile and a half inland, 
rising to an elevation of from 850 to 900 feet above the lake, or about 
1,450-1,500 feet above sea level For the first mile the ascent from 
the lake shore to the top of this ndge is gradual, thereafter be¬ 
coming steeper as the crest is approached Beyond the crest the 
ridge terminates abruptly in precipitous south-facing cliffs about 
200 feet high, below which are steep talus slopes of loose angnlar 
rock fragments reaching downward to the floor of the Carp River 
valley, about 400 feet below the summit. In this valley is Carp 
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Lake, or “Lake of the Clouds,’’ Bomewhat over a mile long and 
perhaps a third of a mile wide Beyond the valley, toward the south 
and southeast, rise rocky hills and ndges which attain in places 
an elevation of 1,421 feet above Lake Superior (2,021 feet above 
sea level), the highest elevation in Michigan Among these hills, 
about three miles south of Carp Lake, is Little Carp Lake, or “Mirror 
Lake,” to be referred to later The common rock along the Lake 
Superior shore and along either side of the ndge, inland, is sand¬ 
stone The ndge itself is composed mainly of basalt, with both 
diabase and sandstone m the talus 

In the list of collections no attempt has been made to indicate 
exact localities for the commoner species which are of general dis- 
tnbution The vanous collections were made jointly by the authors, 
with the exception of those made independently by the junior author 
along the road to Nonesuch Mine (designated “Nonesuch Mine 
Road”) All stations recorded simply as “talus slope” are on that 
part of the talus slope referred to above which lies immediately 
north and northeast of Carp Lake The locality designated as 
“cedar swamp” is along the trail between Carp and Little Carp 
lakes, and near the latter All determinations of liverworts have 
been made or vended by Dr A W Evans, those of Fontinalis, 
by Dr Winona H Welch, of Gnnimiaceae, by Mr E B Bartram, 
of Plagiotheciaccae, Brachytheciaceae, Sematophyllaceae, and Hyp- 
naceae, and a few others, by Dr. A J Grout, of Leskeaceae, by 
Dr. A J Sharp, of Bryum Muhlenbeckii Br Sch, by Dr A L 
Andrews and Dr H N Dixon Credit for previous collections is 
given by the use of the word “also” followed by an initial for each 
collector The initials D., D and B, S, and T stand for Darling¬ 
ton, Darlington and Bessey, Smith, and Taylor, respectively The 
nine species and the two varieties marked with an asterisk (*) are 
here recorded for the first time from Michigan 

LIST OF SPECIES 
Rebouliaceab 

*Gkimau>ia BvnmKS (Nees) Lindenb. — Local on moist base of 
diabase cliffs north of Carp Lake and on faces of canyon along 
Nonesuch Mine Road 
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March antiaceab 

Con ocephalum coNicxjM (L) Dumort —Along banks of brook 
xn swampy woods. Also D and B 

Preisbia quadrata (Scop) Nees — Collected by Mrs Taylor 
(2) on gravelly bluff along eastern ndge of mountains. 

Marchantia polymorpha L —Common in swamps Also D 
and B 

Riccardiaceab 

Riccardia latifrons Lindb —On rotten logs m moist woods 

Riccardia multifida (L) S F Gray — On gravelly bluff along 
Lake Superior (2) and clayey border of ditch along Mountain 
Road 

Riccardia pinguis (L ) S F Gray — At edge of brook in wet 
woods 

Peli.iaceae 

Blasia fusilla L — Common on moist earth bluffs or bankB along 
shore of Lake Superior (2, 6) and Mountain Road. 

Fossombronia foveolata Lindb — Collected by Dr Darlington 
on clay soil along shore of Carp Lake (6) 

Pellla Fabroniana Raddi —On damp clay banks along Carp 
River 

Pellia Neesiana (Gottsche) Limpr — Collected by Dr Darling¬ 
ton in 1922, growing on damp rocks in Carp River, determined 
by Dr. Conklin and Dr Evans 

Lophoziaceae 

Chilobcyphub fragilis (Roth) Schiffn — On wet ground in cedar 
swamp 

Chiloscyphub pallbbcbnb (Ehrh) Dumort. — On rotten log in 
woods 

Chilobcyphub rivularib (Schrad) Loeske — On stones in brooks 

Geocalyx gbaveolens (Schrad) Nees — On moist logs and earth 
banks. 

Harpanthub scutatus (Web. & Mohr) Spruce — On moist logs 
in woods. 

Jameboniblla autumnalib (DC) Stoph. — On moist logs in woods. 
Also D. and B. 
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Jungermannia lanceolata Schrad —On logs and ground m 
woods 

Letocolea badensis (Gottsohe) Jorg ( Lophozia baderuns Sehiffn ) 
— On humus in moist woods 

Leiocolea heterocolpa (Tiled) Buch ( Lophozia heterocolpa M A 
Howe) — On humus and rotten logs in woods 

Lophocolea heterophyi/la (Sehrad) Dumort — On moist logs 
and banks Also D and B 

Lophocolea minor Nees. — On rooky bluffs along shore of Lake 
Superior 

Lophozia barbata Dumort — Common on mossy banks Also 
D and B 

Lophozia excisa (Dicks) Dumort — On boulder in woods 

Lophozia incisa (Schrad) Dumort — On clayey banks along 
Mountain Road and on rotten wood along Nonesuch Mine 
Road 

Lophozia porphyroleuca (Nees) Sehiffn —On rotten logs in 
woods 

Lophozia ventricosa (Dicks) Dumort — On rotten logs in woods 

Peagiochiea asplenioideb (L) Dumort — On damp bonks and 
tree bases Also D and B. 

Tritomaria exsectiformis (Brrtdl) Sehiffn (Sphenolobus exaecti- 
formis Steph ) — On moist soil 

Cephaloziellaceae 

‘Cephaeoziella rubella Down (C bifida (Schreb ) Sehiffn) — 
On earth in woods near Carp Lake 

Cbphaloziaceae 

Bazzania trilobata (L) S F. Gray —Very common on ground, 
logs, etc, in woods. Also D and B 

Calypogeia Neesiana (Massal & Carest) K. Mttll — On ground 
in woods 

Calypogeia Trichomanis (L) Corda —On moist shaded bank 
m woods. 

Cephalozia bicubpidata (L ) Dumort — On earth along roadside 
ditch 

Cephalozia cubyifolia (Dicks ) Lmdb. — On rotten logB m moist 
woods. 
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Cephalozia media Lindb (C. lunulaejolut Dumort) — On rotten 
logs in woods 

Cephalozia plenicepb (Aust) Lindb — On moist day banks along 
Mountain Road. 

Lepidozla reptans (L) Dumort — On logs and banks in woods 

PmiDIACEAE 

Blepharostoma trichophyllum (L) Dumort — On ground in 
moist woods. 

Ptilidium cillare (L) Necs — Among rocks at base of talus slope 
Also D. and B 

Ptiudium pulcherrimum (Web ) Hampe — On logs in woods 

Trichocolea tomentklla (Ehrh) Dumort — On ground in 
swampy woods 

SCAPANIACEAE 

Scapania irrigua (Nees) Dumort — On rocky bluffs along shore 
of Lake Superior 

Scapania mucronata Buch — On earth bank along shore of Lake 
Superior and on rotten log in deep woods 

Radulaceae 

Radula complanata (L ) Dumort — Common on trees and rocks 
Also D andT (2) 

Porellaceae 

Porslla platyphylloidka (Schwein) Lindb — Common on trees 
and occasionally on rocks. Also D. and B. 

Lejeuneackae 

Cololejeunea Biddi.ecomiae (Aust) Evans. — On trunk of white 
cedar near Little Carp Lake 

Frullania Asagrayana Mont —On trunk of white cedar in 
swampy woods 

Frullania Bolanderi Aust — Frequent on trunks of yellow birch 
in woods along shore of Lake Superior. Also T. (2). 

Frullania Brittoniae Evans. — Collected by Mrs. Taylor (2) on 
trees along eastern edge of mountain area. 

Frullania eboracensis Gottsche — On bark of trees. Also D. 
and B, and T. (2) 
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Lejeunea cavjfolia (Ehrh) Lindb — On boulder m woods near 
Carp Lake and on walls of canyon along Nonesuoh Mine Road 

Sfhagnaceae 

Sphagnum Girgenbohnii Russ — On ground in cedar swamp 

Sphagnum magellanicum Bnd — On ground in cedar swamp 

Sphagnum palustre L — On ground in cedar swamp Also D 

Sphagnum squarrosum Crome — On ground in cedar swamp 

Andheaeaceae 

Andreaea petbophila Ehrh — On rocks of talus slope 

Geobgiaceae 

Georgia pellucida (L) Rabenh — On rotten logs and stumps in 
woods Also D. and B. 

Diphysciaceae 

Diphyscium sessile (Schmid) Lindb (Webera sesailte Lindb ) — 
Locally abundant on earth banks in woods 

Polytrichaceab 

Catharinaea angustata Bnd — Open hillside woods north of 
Carp Lake 

Catharinaea undulata (L) Web. & Mohr —On moist banks 
along Mountain Road 

Polytrichum alpinum L (PoQonotwn aljnnum Roehl) — On 
ledge in woods south of Carp Lake 

Polytrichum formosum Hedw (P attenualum Mens) —On 
ground in woods south of Carp Lake, previously recorded in 
the Btate only from the Douglas Lake region 

Polytrichum oommune L —Frequent on ground m open situations 
Also D and B 

Polytrichum juniperinum Willd. — Common on dry exposed 
ground. Also D * 

Polytrichum piliferum Schreb — Common on dry exposed 
ground Also D (1). 

Fissidentaceae 

'Fiskdsns adiantoidbs (L.) Hedw — On wet earth along small 
stream near Bhore of Lake Superior Also D. and B. 



190 Nichols and Sieere 

Fissidens bbyoides (L) Hedw — On moist earth banks along 
Mountain Road and elsewhere 

Fissidens cribtatus Wils — On stones and earth in moist woods 
Fissidens osmundioides (Sw ) Hedw — On wave-washed rock 
ledges, often actually in the water, along the shore of Lake 
Superior Determined by Dr Grout 
Fissidens viridultjb (Sw ) Wahlenb — On sandstone rocks in 
bed of intermittent hillside brook north of Carp Lake 

Grimmiaceae 

Grimmia alpicola Hedw var rivularis (Bnd) Broth —On 
rocks in bed of stream along shore of Lake Superior and in woods 
Also D 

Grimmia apocarpa (L) Hedw — Common on rocks of talus and 
elsewhere Also D (1) 

♦Grimmia apocarpa var gracilis (Schleich) Web & Mohr (G 
gracilis Schleich) — On rocks of talus near Carp Lake Mine 
Grimmia commutata Huben (G ovata Web & Mohr) — On rocks 
of talus slope, previously recorded in Michigan only from Isle 
Royale 

Rhacomitrium acicttlare (L) Bnd — On submerged rocks in bed 
of mountain stream along Nonesuch Mine Road 
Rhacomitrium canescens (Timm) Bnd —On moist sandstone 
near stream along Nonesuch Mine Road 

Dicranaceae 

Ceratodon pubpureus (L) Bnd — Common on dry substrata 
of every descnption, mostly in the open Also D (1) 
Dicranella heteromalla (L) Schimp —Abundant on moist 
earth banks along Mountain Road 
Dicranella Schreberi (Sw) Schimp —On moist clayey soil 
bordering ditch along Mountain Road 
Oncophoru's polycarpus (Hedw ) Bnd — On rotten log in woods 
along shore of Lake Superior 

Oncophorus Wahlbnbergii Bnd — On logs in moist woods. Also 
D and B 

Dicranum Bonjeanu De Not — On rotten lop in woods Also D. 
Dicranum Drummondii C MUll — Among rocks of talus dope. 
Dicranum flaqellare Hedw. — Common on rotten wood. 
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Dicranum FU8CE8CENS Turn — On ground in woods along shore 
of Lake Superior 

Dicranum longifolium Ehrh — Frequent to common on mostly 
rocky substrata Also D and B 

Dicranum montanum Hedw — Common on rotten wood Also D 

Dicranum Muehlenbeckii Br & Sch —Along crest of diabase 
cliffs overhanging Carp Lake, heretofore recorded m Michigan 
only from Emmet Co Determination confirmed by Mr E B 
Bart ram 

Dicranum rugosum (Hoffm ) Br & Sch — Common on ground in 
moist woods Also D and B 

Dicranum bcoparium (L) Hedw — Common on various sub¬ 
strata Also D and B 

Dicranum bpurium Hedw — On rocks along base of talus Rlopp 

Dicranum viride (Sull & Lesq ) Lindb — Frequent on logs and 
trees m woods 

Dichodontium pellucidum (L) Schimp — Locally abundant on 
wet rocks along shore of Lake Superior 

Luucobryum glaucum (L) Schimp — In woods along shore of 
Lake Superior. Also D and B 

PoTTIACEAE 

Hymenostylium curvirostre (Ehrh) Lindb —Local on moist 
cliff north of Carp Lake 

Tortella caebpitoba (Schwaegr ) Limpr — Locally abundant on 
ground in hemlock-hardwood forest 

Tortella fragilib (Drumm) Limpr — On rooky shore of Lake 
Superior; first record from the Upper Peninsula 

Tortella tortuosa (L) Limpr — On talus slope Also D (1) 

Didymodon rubellus (Hoffm ) Br & Sch — Moist bluffs along 
shore of Lake Supenor 

Tortula ruralis (L ) Ehrh — Frequent on dry exposed summits 
and lake bluffs * 

Encalyptaceab 

Encalypta ciliata (Hedw) Hoffm — Moist ledge along shore of 
Lake Supenor. 

Encalypta contobta (Wulf) Lmdb — Local on moist base of 
diabase cliffs north of Carp Lake 
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Orthotrichaceae 

Amphidium lapponicum (Hedw ) Schimp — On wall of deep can¬ 
yon along Nonesuch Mine Road, previously known m Michigan 
only from Isle Royale 

Drummondia prorepens (Hedw) Jenmngs (D davellata Hook ) — 
Local on trunk of sugar maple m hardwood-hemlock forest along 
Mountain Road, heretofore known from but one other locality 
in the state and not at all from the Upper Peninsula 

Orthotrichum anomalum Hedw —On rocka of copper-mme 
dump north of Carp Lake. 

Orthotrichum obtusifolium Schrad — On bark of sugar maple 
in mixed hemlock-hardwood forest 

Orthotrichum speciosum Nees — On bark of trees, the common¬ 
est species of the genus Also D and B 

Ulota crispa Bnd — Frequent on bark of trees. 

Funariaceak 

Funaria hygrometrica (L) Sibth. — Common m dry exposed 
places Also D (1) 

Bryaceae 

Pohlia cruda (L) Lindb (Webera cruda Bruch.) —On moist 
rock along Nonesuch Mine Road 

Pohlia nutans (Sehreb) Lindb (Webera nutans Hedw.) —On 
ground, mostly in dry open situations. 

Pohlia proligbra Lindb (Webera proligera Kindb). — On rocky 
bluffs along shore of Lake Superior. According to Andrews (3, 
II. 199), no authentic records are known for this species in the 
United States east of northern Michigan, where it appears to be 
not uncommon along exposed bluffs and ledges near the shore 
of Lake Superior 

Pohlia Wahlbnbergii (Web & Mohr) Andrews (Mntobrj/um 
albicans (Wahlenb) Limpr) — Common m crevices of wave- 
washed rocks along shore of Lake Superior Also D. and B. 

Leptobryum pyriporme (L) Wils. — On moist earth in open 
places. Also D (1) 

Bryum abgenteum L. — Frequent on dry rocky ridges and on 
rocks along shore of Lake Superior Also D. 
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Bbyum bimum Schreb — On ground in swamps. Also D. and B. 

Bbyum caespiticium L — Frequent on exposed bluffs and banks. 
Also D and B. 

Bbyum capillars L —Frequent in rock crevices and on earth, 
both in woods and in the open 

Bbyum Mushlenbeckii Br & Sch — Locally abundant on wet 
rocks along shore of Lake Superior, previously recorded in 
Michigan only from Isle Royale 

Rhodobryum roseum (Weis) Limpr —On bank in woods near 
Carp Lake 

Mniaceae 

Mnium affine Bland — Moist earth in woods near Carp Lake. 

Mnium ciliarb (Grev) Lindb — Moist bank in woods along 
shore of Lake Superior Also D and B 

Mnium cinclidioides (Blytt) HUben — Swampy woods near Lit* 
tie Carp Lake 

Mnium cuspidatum (L ) Leyas — On logs and ground m woods 
Also D 

Mnium medium Br & Sch — Growing on ground in moist shaded 
depressions 

Mnium obthorrhynchum Bnd —Rocky bluffs and logs along 
shore of Lake Superior 

Mnium punctatum (L) Hedw — On rocks in brook near Little 
Carp Lake 

Mnium punctatum var blatuh Schimp —On wet ground in 
cedar swamp Also D and B 

Mnium bpinulosum Br & Sch — Common on logs in woods 
Also D and B. 

Mnium stellare Reich — At base of tree along moist shaded 
bank. Also D. and B 

AuLACOMNIACEAE ' 

Aulacomnium palubtrb (L) Schwaegr —Swampy woods near 
shore of Lake Superior 

Bartramiaceae 

Plaoiopus Obdrbi (Gunn) Limpr. — On walls of deep canyon 
along Nonesuch Mine Road. 
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Baktkamia pomifohmis (L) Hedw — Occasional on rocky bluffs 
along Lake Superior and common in canyons along Nonesuch 
Mmp Road Also D. and B 

Philonotis fontana (L) Bnd — Frequent along wet rocky shores 
of Lake Superior Also D 

Fontinalackae 

Fontinalis antipybetica (L) Hedw — Attached to stones in rapid 
brook south of Carp Lake 

Fontinalis antipybetica var gigantea Sull — Attached to sticks 
in slow stream south of Carp Lake and in wet woods at None¬ 
such Mine 

•Fontinalis misbourica Card — On sides of springy rock pool 
along shore of Lake Superior 

•Fontinalis nitida Lindb — Growing associated with the preced¬ 
ing species 

Dichelyma I’allescens Br & Sell — Attached to rock in dried-up, 
open swamp pool along shore of Lake Superior 

Climactaceae 

Climacium americanum Bnd —On penodically wet ground m 
woods along shore of Lake Supenor 

Climacium dendroides (L) Web & Mohr —Common in wet 
woodB 

Hedwigiaceae 

Hedwigia albicans (Web) Lindb — Frequent on exposed rocks 
Also D. 

Leucodontaceae 

Leucodon sciuroides (L) Schwaegr — Common on bark of sugar 
maple and other trees and occasional on shaded talus blocks 
and cliffs Also D. 

Neckeraceae 

Neckrba pennata (L) Hedw — Common on bark of sugar maple 
and other trees; rarely on shaded rocks Also D. 

Homalia Jamebii Schimp — Locally abundant on mossy banks of 
woodland ravine near Little Carp Lake and on boulders, logs, 
and tree bases in forest along Nonesuch Mme Road. 
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Theliaceab 

Myurella Carey ana Sull — On canyon walls along Nonesuch Mine 
Road 

Myurella julacea (Vill) Br & Sell — Local on diabase cliffs 
north of Carp Lake 

Anomodon attenuatus (Schreli) Hiiben — Common on rocks and 
bases of trees 

Anomodon minor (Beauv) Lindh — On trunks of sugar maple 
and other hardwoods 

Anomodon rostratub (Hedw ) Schimp — On dry rocky ledges in 
woods Also D and B 

Anomodon Ruoelu (C Mttll ) Keissl — A apiculalus Br & Sch 
— On shaded boulder m hemlock forest 

Thuidiaceae 

Thuidium abietinum (L) Br & Sch —Common on dry ledges 
along shore of Lake Superior and on talus slope Also D (1) 

Thuidium delicatulum (L) Mitt — Common in moist to swampy 
woods Also D and B 

Thuidium microphyllum (Sw ) Best — Collected by Dr Darling¬ 
ton and Dr Bessey on rotten wood near Little Carp Lake 

Thuidium Philiberti Limpr —A common species m hemlock- 
hardwood forests along Mountain Road and elsewhere, growing 
on the ground, frequently associated with T. delicatulum, but 
easily distinguished from this with a hand lens by its filiform- 
acuminate leaves In Michigan heretofore known only from 
Isle Royale 

Heterocladium squarrosulum (Voit) Lindb — One of the com¬ 
monest terrestrial mosses of dry to moist woods, growing also 
m open situations Also D and B 

Lbskeaceae • 

Lbskea nervosa (Schwaegr) Mynn — Frequent on rocks and tree 
trunks, both in woods and in the open Also D and B 

Lbbkba polycarpa Ehrh. — Collected by Dr Darlington and Dr 
Bessey on bark of black ash in a tamarack swamp. 

*Lebkea tectobum (A Braun) Lindb — Locally abundant on rocks 
m crannies of talus slope north of Carp Lake According to 
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Sharp (3, III * 195), .this is primarily a species of the Rocky 
Mountains and the Pacific Coast, extending eastward to Lake 
Superior 

Lindbbrgta brachyptera (Mitt) Kindb var aubtuoi (Bull) 
Grout — On dead tree trunk m woods near Carp Lake Mine, 
previously known from but two localities m the state, both in 
the Lower Peninsula. 

Tbeudoleskea oligoclada Kindb — On wooded rocky slope be¬ 
low Carp Lake Mine, a western species characterised by Sharp 
(3, III 187) as ranging from British Columbia to Colorado 
and Utah 

Pterigynandrum filiforme Hcdw — On rocky ledges and trees 
along shore of Lake Superior 

Amblystegiaceab 

Leptodictyum riparium (L) Wamst — In a rock pool along the 
shore of Lake Superior Also D and B 

Lkptodictydm riparium var longifolium (Schulte) Grout. — On 
stones m dned-up woodland swamp pool south of Carp Lake 

Amblystegium Jubatzkanum Schimp — On damp shaded rocks 
and logs Also D and B 

Amblystegium serpens (L) Br A Sch —On moist ground in 
forest 

Amblystegium varium (Hedw ) Ltndb — On moist earth in woods 
Also D (1) 

Hygroamblystegium irriguum (Wils) Loeske. — Common on 
periodically wet rocks in brooks Also D. and B. 

Hygroamblystegium fluviatilb (Sw) Loeske —Collected by 
Dr. Darlington and Dr. Bessey on rocks in mountain brook 

Hygroamblystegium orthocladon (Beauv) Grout — In beach 
pools along rocky shore of Lake Superior. Also D and B 

Cakpylium chrysophyllum (Brid) Bryhn.—On moist stream 
banks and elsewhere in moist woods Also D and B 

Campylium hispidulum (Bnd) Mitt. — Frequent on ground in 
woods. 

"Hygrohypnum mollb (Schimp.) Loeske — On rooks in small brook 
along shore of Lake Superior. According to Grout (3, III: 93), 
this is an arctic-alpine species of the “northwestern U. 8. and 
western Canada from the Rocky Mts northward and westward/' 
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Hygbohypnum ochracbum (Turn ) Loeske — On wet roclu in a 
brook and along rocky shore of Lake Superior. 

Hygbohypnum palustrb (Huds) Loeske — Attached to rocks in 
springy brook along shore of Lake Superior 
Callibrgon coBDirOLiUM (Hedw ) Kindb. — On ground in wooded 
swamp south of Carp Lake Also D 
Calliergonella Schhebeei (Willd) Grout (Hypnurn achrebert 
Willd) — Common on ground and logs in woods 
•Drepanocladus aduncus (Hedw) Warnst f aquaticub (Samo) 
Wamst. — In rock pool along shore of Lake Superior 
Drepanocladus aduncus var polycarpus (Bland) Warnst — 
Swampy woods south of Carp Lake. 

Drepanocladus fluitans (L) Warnst. — In dned-up pond hole 
along shore of Lake Superior 

Drepanocladus uncinatub (Hedw) Wamst — On mossy bank 
in woods along shore of Lake Supenor Also D and B 

Brachytheciaceae 

Bryhnia novae-angliae (Sull A Lesq) Grout — On wet ground 
along woodland brook south of Carp Lake Also D. and B 
Eurynchium diverbifolium (Schleich) Br A Sch — On ground 
along wooded slope near Carp Lake 
Eurynchium huscifohme (Neck) Milde —Common on wet or 
periodically inundated rock surfaces in brooks and ravines Also 
D. and B 

Eurynchium btrigosum (Hoffm.) Br A Sch —On ground along 
wooded slope near Carp Lake Also D 
*Brachythecium Besth Grout (B. pacificum (E A C) Grout). 
— Frequent on stones and banks in moist woods, bearing a close 
resemblance to B reflexum According-to Grout (3, Ill 45), this 
n primarily a species of the northern Pacific slope, found also 
in the northern Rockies, and in the East previously known from 
northern Nova Scotia and Newfoundland * 
Brachythecium campestre Br A Sch. — On humus and rotten 
wood in wet to moist woods 

Brachythecium oxycladon (Brid) Jaeg. A Sauerb. — On humus 
and tree bases in woods. Also D and B 
Brachythecium plumosum (Sw.) Br. A Sch. — On rocky ledges 
along shore of Lake Superior. 
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Brachythecium populeum (Hedw ) Br 6c Sch. — On rocks and soil 
m rocky woods, and on lake bluffs Also D and B 

Brachythecium reflexum (Web 6c Mohr) Br 6c Sch — Common 
on rocks, logs, and humus in the woods 

Brachythecium rivulare Br 6c Sch — Abundant on stones in 
and along woodland streams and on wet banks of ditch along 
Mountain Road Also D 

Brachythecium rutabulum (L) Br & Sch, — Frequent on humus- 
covered stones and on rotten stumps in moist woods Also D 

Brachythecium salebrosum (Hoffm) Br 6c Sch — On rocks and 
on ground both in the open and in the woods 

Entodontaceae 

Entodon BEmrcTRix (Hedw) C M(ill — Collected by Dr Dar¬ 
lington and Dr Bessey, first record for the Upper Peninsula 

Plaoiotheciaceae 

Plagiothecium denticulatum (L) Br. 6c Sch — On ground in 
moist woods Also D and B 

Plagiothecium laetum Br 6c Sch — On rocky ledge m woods 
near Little Carp Lake 

•Plagiothecium Muellerianum Schimp — On moist rock ledge in 
woods near Little Carp Lake 

Plagiothecium Roeseanum (Hampe) Br & Sch. — On shaded 
earth bank along shore of Lake Superior 

Plagiothecium bylvaticum (Huds) Br 6c Sch — On ground in 
moist woods 

Plagiothecium turfaceum (Lindb) Lindb. — On humus in the 
forest Also D 

Sematophyllaceae 

Heterophyllium Haldaotanum (Grcv) Kindb — Common on 
logs and on ground in woods. Also D. and B 

Brothebella delicatula (James) Fleisch — On humus in woods 
along shore of Lake Superior 

Brothebella recurvahs (Micbx) Fleisch — On ground in woods. 
Also D and B 

Hypnacbae 

Hypnum crista-castrensis L — On moist logs. Also D. and B 

Hypnum fertile Sendt — On humus in mossy woods along bluffs 
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facing Lake Superior This is the first authentic record for 
this spmes in the Upper Peninsula and the second in Michigan 
Hypnum pallescens (Hedw) Br A Sch — On tree bases, logs, 
and stones in the woods 

Hypnum patientiae Landb --On ground and periodically wet logs 
in swampy woods near shore of Lake Superior 
Hypnum reptile Miohx —On tree bases, logs, and stones in 
woods 

Homomallium adnatum (Schimp ) Iioeske — Collected by Dr Dar¬ 
lington 

Amblysteqiella subtiub (Hedw) Ix)eske — Common on tree 
bases in woods 

Pylaibia intricata (Hedw) Br & Sch — On tree trunks in 
woods 

Pylaibia Sklwynii Kindb (P schimpen Card) — Frequent on 
trunks of hardwoods and occasional on shaded talus blocks 
Pylaibia subdenticulata Schimp — On trunks of hardwoods 
Pi/ATY g yrium hepens (Bnd ) Br & Sch — Common on tree trunks, 
logs, and stones, both in woods and m the open Also D 

Hylocomiackae 

Hylocomium pybenaicum (Spruce) Lindb — On stones in moist 
upland forests, apparently a not uncommon species m hard¬ 
wood forests of the Upper Peninsula Also D and B 
Hylocomium splbndenb (Hedw ) Br & Sch — On ground in moist 
to wet mossy woods, frequent. 

Rhytidiadelphus triquetrub (L) Warnst — On ground in woods 
along shore of Lake Superior and elsewhere, frequent 

The total number of bryophytes here recorded from the Porcu¬ 
pine Mountains is 219, comprising 52 liverworts and 167 mosses. 
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PRELIMINARY NOTES ON THE DESMIDS 
OF ISLE ROYALE, MICHIGAN 

GERALD W PRESCOTT 

I T HAS been the writer's opportunity to examine samples of 
algae taken in connection with a biological survey of Isle Royale 
authorised by the Fifty-fifth Legislature of the State of Michigan 
The material was collected in the summer of 1930 by Mr J L 
Lowe, of the University of Michigan In this paper attention has 
been directed entirely toward the deamid flora represented in the 
samples 

This preliminary list of desmids from the small number of samples 
which have been examined to date is indicative of the abundance 
of these plants in the area The topography of the island provides 
suitable aquatic habitats for a rich algal flora, and the acidity of 
the water is conducive to a luxuriant growth of desmids The pH 
range for the bodies of water m which desmids occur is from 6 0 
to 7.2, with most of the habitats showing a range from 6 6 to 6 8 
Those samples which have the most species and the largest number 
of individuals are from bodies of water possessing a pH of 6 0 and, 
significantly, are habitats for Utncularia This plant is an almost 
unfailing indication of a luxuriant desmid flora 

From having examined a number of samples representing widely 
separated stations m the area, one may conclude that the desmids 
here are more like the New England and northern Canada floras 
than the Wisconsin and the western Whether or not this is actually 
the case will be determined only after a complete Checking of all 
samples has been made However, some forms previously reported 
only from Minnesota appear here A number of plants in the Isle 
Royale collections are apparently undescnbed species, while others 
are recorded for the first time in North America. The writer expects 
to publish an extended list of Isle Royale desmids, together with 
critical remarks and distribution data. 

901 
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List of Species 

Cylindrocybtis diplospora Lund , West and West, British Des- 
midiaceae, 1.61, PI 4, Figs 40-41 1904 
Wall smooth Width 30 4 n, at constriction 24 7 Mi length 
60 6 m FI XIX, Fig 16 Moose Lake Newrecord for Michigan 
Cylindrocybtis diplospora var major W West, West and West, 
British Desmidiaceae, I 61, PI 4, Figs 42-43 1904 
Width 51 m, length 121 p, isthmus 35 m Marsh near trail 
to Tobin Harbor New record for Michigan 
Spihotaenia condensata De Br£b , G M Smith, Phytoplankton 
Inland Lakes Wis , Part II 6, PI 52, Fig 4 1924 
Very long and sometimes strongly curved Width 23 p, 
length 250-300 p Moose Lake 

Netrium digitus (Ehr) Itzigs & Rothe, West and West, British 
Desmidiaceae, I 64, PI 6, Figs 14-16 1904 
Width 42 M> length 191 m Moose Lake 
Penium chrysoderma Borge, Dick, Bol Archiv, 3, PI 4, Fig 1 
Cells 70 m wide, 25 M long Hidden Lake New reoord for 
Michigan 

Closterium costatum Corda, West and West, British Desmidiaceae, 
I 120, PI 13, Figs 1-3 1904 
Width 50 Mi length 350 p Moose Lake 
Closterium intermedium Ralfs, West and West, British Desmedia- 
ceae, 1-125, PI 14, Figs 1-5 1904. 

Width 25 Mi length 206 p, poles 7 8 p wide Moose Lake 
Clobtkrium Libellula Focke (,Penium Ltbellula (Focke) Nord- 
stedt), West and West, British Desmidiaceae, I 73, PI 7, 
Figs 6-7 

Width 35 Mi length 220 p Moose Lake. 

Closterium Libellula Focke var intermedium Roy A Biss; 
West and West, British Desmidiaceae, I 74, PI 7, Fig 11 1904 
Width 23 4 Mi length 129 p. Moose Lake. New record for 
Michigan. 

Closterium Lunula f minor W A G S. West; West and West, 
British Desmidiaceae 1 • 151. 1904 
Width 70 Mi length 390 p, poles 13 6 p wide. Slightly larger 
than measurements given by the Wests, otherwise identical. 
PI. XIX, Figs. 4-5. Lake Ritchie. 
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Clobtehium Pbeudodianae Roy, West and West, British Des~ 
midiaceae, I 132, PI 15, Figs 7-8 1904 
Width 14 fi, length 200 m Wallace Lake 
Closterium betaceum Ehr , West and West, British Desmidiaceae, 
I 190, PI 28, Figs 9-13 1904 
Width 11 7 Mi length 312 m PI XIX, Fig 8 Moose Lake 
New record for Michigan 

Clobtericm tuhgidtjm Ehr , West and West, British Desmidiaceae, 
I 170, PI 22, Figs 4-5 1904. 

Width 54 6 m, length 624 m> poles 13 0 M wide PI XIX, 
Figs 6-7 Hidden Lake New record for Michigan 
Closterioides, gen nov 1 Cells crescent-shaped, strongly curved, 
slightly attenuated to broadly rounded poles, which bear a 
single, stout spine, cell wall without a girdle band, chloroplasts 
with longitudinal ridges, pyrenoids large, in senes or irregularly 
scattered, terminal vacuole absent (?) 

Clostenoides spinosus, sp. nov 8 Cells of medium size, lunate, the 
outer margin more strongly curved than the inner, cell wall 
colorless, smooth or with sparsely scattered concretions (cal¬ 
careous deposits?), chloroplasts 2 in each cell, with 2 or 3 longi¬ 
tudinal ndges showing, pyTenoids arranged m 3 or 4 irregular 
senes Width 58-62 n, length (distance between apices) 140- 
148 Mi Bpines 4 5-11 5 M long PI XIX, Figs 1-3 Moose 
Lake 

The form of this plant suggests Tetraedron cuspidatum (Bailey) 
Wille. The Clostenum-hke morphology of the chloroplast and 
its contained pyrenoids, and the transverse break in the wall 
in the midregion, together with the manner in which a now 
semicell is built after cell division, identify this puzzling plant 
as a desmid The peculiar arrangement of pyrenoids, the ap- 

* Closterioides, gen nov — Cellulae lunatae, valde eurvatae, gradatun 
attenuatae ad polos late rotundatoa, polo utroque spinulam fortem unicarn gerente, 
membrana sine sona media; maasa chlorophyllaoea in longituffine striata, pyre- 
noidibns magnis, vel in sone vel irregulariter diapersis; deeunt vaouola temu- 
nalia(T). 

* Closterioides spinosus, ep nov —Cellulae mediocree, lunatae, margine 
exteriori plus quam interion ourvato; membrana Inoolori, vel glabra vel gra* 
nulls (materiam ealoanam depoeitam habente?), sparse obsesaa, maasis ohlo- 
rophyllaoela unicuique eellulae binis, bis terve striatis; pyrenoidibus in tree 
quattuorve series imgulanter dispositis Lat 58-62 m» long 140-148 M mter 
apises, spfaralae 4 5-11 5 m longae. Tab. XIX, Figg 1-8 
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parent lack of a terminal vacuole, and the consistent occurrence 
of the stout, terminal spines are characters which seem to war¬ 
rant separating it from the genus Cloetenum The writer hopes 
to obtain living material for further examination of this species 
Pleurotaenium coronattth (De Br6b) Rab , West and West, 
Bntteh Desmidiaceae, 1.199, PI 27, Figs 16-18 1904. 

Width 40 ju, length 400 ju Moose like 
Pleurotaenium coronatum var. nodulosum (De Br4b) W West, 
West and West, British Desmidiaceae, I 200, PI 28, Figs 5-8. 
1904 

Width 58 7 ju, length 507 ju. Hidden Lake New record for 
Michigan 

Pleurotaenium nodosum (Bailey) Lundell, Smith, Phytoplankton 
Inland Lakes Wts , Part II 16, PI 54, Fig 1 1924 
Width 45 ju, length 285 ju Moose Lake 
Pleurotaenium trabecula (Ehr.) Naeg , West and West, British 
Desmuhaceae, I 209, PI. 30, Figs 11-13. 1904 
Width 30 ju, length 400 p Wallace Lake 
Cosmarium Botrytis Menegh , West and West, British Desmidia¬ 
ceae, IV. 1, PI 96, Figs 1-2, 5-15 1912 
Width 55 p, length 70 p Hidden Lake. New record for 
Miohigan 

Cosmarium connatum De Br4b , West and West, Bntteh Desmidia- 
ceae, III • 25, PI 67, Figs 15-17 1908 
Width 62.4 ju, length 81 9 ju, isthmus 54 6 p. Moose Lake 
New record for Michigan. 

Cosmarium crenatum Ralfs, West and West, British Deemtdiaceae, 
IV • 35, PI 98, Figs. 9-12 1912. 

Width 19 p, length 26 6 ju, isthmus 7 5 p. Hidden Lake 
Cosmarium Eloibeanum Wolle, West and West, Tram. Linn Soc 
Bot , 5 248, PI. 15, Fig 22 

Width 70 2 ju, length 95 7 ju, isthmus 19 5 p Moose Lake 
New record for Michigan 

Cosmarium maroaritatum (Lund) Boy & Biss , West and West, 
Bntteh Desmuhaceae, IV 18, PI 99, Figs 8,10. 1912. 

Width 60 ju, length 70 p, isthmus 21 ju. Moose Lake. 
Cosmarium MARGAnmnatuM Menegh.; West and West, British 
Demitkaeeae, III • 199, PI. 83, Figs. 4-11. 1908. 

Width 46 ju, length 55 p, isthmus 14 p. Moose Lake. 
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Cosmakium ochthodes var amoebum W West, West and West, 
British Desmtdtaceae, IV 11, PI 98, Figs 4-6. 1912. 

Width 62.4 ft, length 81 9 ft, Isthmus 23 4 ft Moose Lake 
New record for Michigan 

Cosmakium ovals Ralfs; West and West, Brthsh Desmtdtaceae, 
III 267, PI 92, Fig 1 1908. 

This form shows rows of granules across the base of the semi- 
cell. Moose Lake. 

Cosmakium pachtdermum Lund ; Grbnblad, Ada Soc pro Fauna 
st Flora Fenn , 55, PI 2, Figs 47-48 1924. 

Width 82 ft, length 105 3 ft, isthmus 39 ft Hidden Lake 

Cobmarium pyramidatum De Br6b , West and West, British Des~ 
mtdtaeeae, II 199, PI 64, FigB 5-7. 1905 
Width 51 3 ft, length 79 it, isthmus 19 ft Hidden Lake 

Cosmakium spbciosum var simplex Nordstedt, West and West, 
British Desmtdtaceae, III 250, PI 89, Fig 6 
Width 26 6 ft, length 43 7 ft, isthmus 17 ft Hidden Lake 
New record for Michigan 

Cosmakium subreinschii var. ocbllatum WAGS West, West 
and West, Trans Linn Soc. Bot , 6, PI 20, Figs 32-33. 1902 
Width 16 ft, length 32 ft, isthmus 5 ft Moose Lake New 
record for Michigan. 

Cosmajuum tetraophihalmum De Br6b , West and West, British 
Desmtdtaceae, III 270, PI 95, Figs 4-7 1908 
Width 82 ft, length 117 ft, isthmus 24 ft. Wallace Lake 

Cosmakium venustum var excavatum (Eichl & Gutw) W West 
Forma. 

Semicell with a large scrobiculation in the center and one 
in either undulation at the margin Width 25 4 ft, length 36 ft, 
isthmus 5 8 ft. PI. XIX, Fig 24 Moose Lake New record 
for Michigan 

Except for its smaller sise and the presence of the lateral scrobi- 
oulations this plant resembles f. duplo-major Gutw of var ex¬ 
cavatum. The latter character is not figured or mentioned for any 
of the forms of C. venustum that I have been able to find on record 

Arthkodesmus converged* Ehr ; West and West, British Dee • 
mthaoeae, IV, 106, PI. 116, Figs. 5-16. 1912. 

Width (without spines) 39 ft, length 35 ft, isthmus 95 m 
M oose Lake. 
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Arthrodesmus Incus var extensub Anders , Smith, Phytoplank¬ 
ton Inland Lakes Wis., Part II 132, PI 85, Figs 23-26 1024 
Width 45 p, length (including spines) 24 p, isthmus 5-6 p 
PI. XIX, Fig 25 Moose Lake New record for Michigan 
Arthrodesmub triangularis Lag , Smith, Phytoplankton Inland 
Lakes Wts , Part II 133, PI 86, Fig 1 Var ? 

Cells with widely open sinus and narrowly elongated isthmus, 
scmicells triangular, apex concave, spines Bhort and upwardly 
diverging Width 19 5 p, length 23 4 p, isthmus 6 0 ju PI XIX, 
Fig 11 Moose Lake 

Xanthidium antilopaeum (De Br6b) Kuetz ; West and West, 
British Desmidiaceae, IV 63, PI 108, Figs 7-18 1912 
Width 85 p, length 82 p, isthmus 15 p Moose Lake 
Xanthidium antilopaeum var polymazum Nordst, WestandWest, 
British Desmidiaceae, IV 67, PI 108, Fig 19 1912 
Width 76 p, length 75 p, isthmus 16 p. Moose Lake. New 
record for Michigan 

Xanthidium cristatum Dc Breb , West and West, British Des¬ 
midiaceae, IV 70, PI 110, Figs 8-9 1912 
Width 46 p, length 64 p, isthmus 11 p Moose Lake 
Xanthidium cristatum var uncinatum De Br4b , West and West, 
British Desmidiaceae, IV 73, PI 111, Figs 2-4 1912 
Width 65 p, length 73 p, isthmus 16 p Wallace Lake New 
record for Michigan 

Staurastrum altbrnans De Br£b , Smith, Phytoplankton Inland 
Ixikes Wis , Part II: 70, PI 68, Fig 4 1924 
Width 35 p, length 35 p Moose Lake 
Staurastrum arachnb Ralfs var 

Width (including arms) 39 p, length 27 3 p, isthmus 15 p 
PI XIX, Figs 13-14 

The shape of the semicell and the character of the emus seem 
to identify this as a variety of arachne The recurved arms 
and the strong undulations of the margins, together with the 
distinct enlargement at the base of the arms as seen in vertical 
view, present a combination of characteristics unlike those of 
any of the described varieties of arachne 
Staurastrum arcuatum Nordstedt, Homfeld, Pflamenforschung, 
12 69, PI. 8, Figs 89-91. 1929. 

Width (including arms) 37 p, length 32 p. PI XIX, Figs. 
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18-10 Small pool in Sphagnum swamp New record for Michi¬ 
gan 

Staurastkum brasilienbe var LundellhW & G S West, Smith, 
Phytoplankton Inland Lakes Wia , Part II. 120, PI 82, Figs 
3-5 1924 

Width 148 p, length (including spines) 140 p Moose Lake 
New record for Michigan 

Staurabtrum Brebissonii var maximum Cedercreutz, Mem Soc 
pro Fauna et Flora Fenn , 7 245, text figures 14-15 1932 
Width 85 5 p, length 87 p, isthmus 4 p Mud flat on Passage 
Island New record for Michigan 

Staurabtrum CAPiTULUMvar bpetbberqense (Nordsl) Cooke, West 
and West, British Desmidiaceae, IV 126, PI 118, Fig 8 1912 
Width 32 p, length 50 p Slightly larger than usually de¬ 
scribed Dripping cliff, among mosses Passage Island New 
record for Michigan 

Staurabtrum cornutum Archer, Gronblad, Acta Soc pro Fauna 
et Flora Fenn , 47, PI 2, Figs 27-28 1920 
Width 50 7 p, length 40 p, isthmus 15 6 p PI XIX, Figs 22- 
23 Moose Lake New record for Michigan 

Staurabtrum cubpidatum De Br6b , Smith, Phytoplankton Inland 
Lakes Wts , Part II 74, PI 68, Figs 27-34 1924 
Width 23 p, length 27 3 p, isthmus 78 p PI XIX, Figs 20 21 
Moose Lake 

Staurabtrum dejectum De Br4b , Smith, Phytoplankton Inland 
Lakes Wts, Part II 73, PI 68, Figs 18-24 1924 
Width (with spines) 32 p, length (with spines) 28 p Hidden 
Lake 

Staurabtrum Dickiei Ralfs, Smith, Phytoplankton Inland Lakes 
Wts., Part II. 76 1924 

Width 40 p, length 35 4 p Moose Lake Hidden Lake 

Staurabtrum Dickiei var. circulars Turner; West and West, 
and Carter, British Desmidiaceae, V, PI 129, Fig T6 1923 
Width 46 8 p, length 52 6 p, isthmus 13 6 p Moose Lake 
New record for Michigan 

Staurabtrum Dickiei var. rhomboideum W & G 8 West, West 
and West, Joum. Linn. Soc Bot , 35, PI 16, Fig 9 1903 
Width 54 6 p, length 39 p, isthmus 11 7 p. Hidden Lake 
New record for Michigan. 
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Staurastrum FHRCIQEKD 14 De Br 6 b , Smith, Phytoplankton Inland 
Lakes Wts, Part II 122, PI 83, Figs 4~7. 1923 
Width 50 p, length (including processes) 54 p, isthmus 117 p 
Hidden Lake 

Staurastrum gladiostjm Turner, West and West, and Carter, 
British Desmtdtaceae, V. 57, PI 137, Fig 2 1924 
Width 48 7 Mi length 44 8 m> isthmus 17 5 m Hidden Lake. 

Staurastrum qracile var nanum Wille, West and West, and 
Carter, British Desmidtaceae, V 100 , PI. 144, Figs. 8-9. 1923 
Hidden Lake 

Staurastrum maamense Arch , Prescott and Magnotta, Pap 
Mich Acad Set, Arts and Letters, 20 (1934) 163, PI. 26, Figs 14- 
15 1935. 

Width 30 4 Mi length 34.2 p, isthmus 13 2 p Moose Lake 

Staurastrum margaritaceum (fihr) Menegh — Borgs, Arkiv f 
Bat , 19, No 17 39, PI 1, Fig 7 1925 
Width 26 6 Mi length 29 2 p, isthmus 7.5 p I have found 
4- and 5-radiate cells which are identical with the form described 
by Borge Hidden Lake 

Staurastrum minnebotense Wolle, Smith, Phytoplankton Inland 
Lakes Wts , Part II. 81, PI 71, Figs 14-15 1924 
Width (including spines) 169 p, length (including spines) 144 p, 
isthmus 41 m Moose Lake. New record for Michigan. 

Staurastrum Ophiura var cambricum (Lund ) W & G 8 West; 
Brown, Trans . Am. Mtcrosc Soc , 49 123, PI. 14, Fig. 82. 1930 
Moose Lake. New record for Michigan 

Staurastrum pachyrhynchum Nordstedt, West and West, British 
Desmidtaceae , IV 151, PI 121, Figs 8-9 1912 
Width 32 Mi length 35 p, isthmus 7 8 p. Moose Lake. 

Staurastrum bbxcostatum var productum W. West; West and 
West, and Carter, British Desmtdtaceae, V, PL 150, Fig. 15 1923. 

Width 41.8 Mi length 44 p, isthmus 17.5 p. Mud flat on Passage 
Island. New record for Michigan 

Euastrum Arms Ralfs, West and West, British Desmtdtaceae , 
II. 17, PI 35, Figs 11-12 1905. 

Width 62 2 Mi length 117 p, isthmus 19.5 p. Moose Lake. 

Euastrum ansatum Ralfs, West and West, British Desmidtaceae , 
II: 27, PL 36, Figs. 10-13. 1905. 

Width 46 8 p, length 89 7 p, isthmus 15.6 p. Moose Lake. 
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Euastrum attenuatum Wolle, West and West, Trans Linn Soc 
BoU, 5 243, PI 14, Figs 20-21 1896 
Width 35 p, length 59 5 p, thickness 23 4 p, isthmus 117 p. 
Moose Lake 

Euastrum bidentatum Naeg , West and West, British Desmidiaceae, 
11.39, PI 37, Figs 16-19 1905 
Width 35 p, length 58 5 p, isthmus 7 8 p From green scum 
on moist soil near trail to Tobin Harbor 
Euastrum crassangulatum Boerg ; West and West, British Des¬ 
midiaceae, II 70, PI 39, Fig 17 1905 
Sargent Lake PI XIX, Fig 15 New record for Michigan 
Euastrum Didelta (Turp) Ralfs, West and West, British Des- 
mtdiaceae, II 15, PI 35, Figs 3-7 1905 
Width 66 3 p, length 136 5 p, isthmus 19 5 p Hidden Lake 
Euastrum divaricatum Lund , West and West, British Desmidia¬ 
ceae, II 42, PI 38, Figs 3-4 1905 
Width 34 p, length 39 p, isthmus 6 p Moose Lake New 
record for Michigan 

Euastrum elegans (Dc Brdb) Kuetz , West and West, British 
Desmidiaceae, II 48, PI 38, Figs 16-21 1905 
Width 24 p, length 35 p, isthmus 7 8 p Lake Forbes. 
Euastrum evolutum (Nordstedt) W AG 8 West, West and West, 
Trans Linn Soc Bot, 5 243, PI 14, Fig 22 1896 
Width 40 p, length 65 p, isthmus 14 p From green scum on 
damp soil near trail to Tobin Harbor 
Euastrum oblongum (Grev) Ralfs, West and West, British Des¬ 
midiaceae, II, 12, PI 35, Fig 2. 1905 
Width 66 p, length 136 5 p Moose Lake 
Euastrumpectinatum DeBr<5b var inevolutumW AG 8 West; 
WeBt And West, British Desmidiaceae, II. 61, PI. 39, Figs 13- 
15 1905 

Width 45 6 p, length 68 4 p, isthmus 15 5 p In the Isle Royale 
collections this species shows a sinus which opens outwardly, 
as in the typical form. The apical lobe is, however, distinctly 
like that of inevolutum PI XIX, Figs 9-10. Moose Lake 
New record for Michigan. 

Euastrum hnnatum Ralfs, West and West, British Desmidiaceae , 
H • 10, PI 34, Figs. 3-6 1904. 

Width 70 p, length 135 p, isthmus 21 p. Hidden Lake. 
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Euastrum validum W & G. S. West, West and West, British Dee- 
mtdxaceae, II * 75, PI. 40, Figs 21-22. 1905 
Width 24 px, length 35 5 pt, isthmus 5.6 pi PI. XIX, Fig 12. 
Moose Lake New record for Michigan 

Euastrum verrucosum Ehr.; West and West, British Desmidtaceae, 
II. 64, PI 40, Fig 1 1904 

Width 81 pi, length 95 pi, isthmus 21 4 pi Moose Lake Hidden 
Lake. 

Tetmemorub laevib (Kuets) Ralfs; West and West, British Des- 
midiaceae, 1:222, PI. 32, Figs 11-16 1904 
Width 23 4 pi, length 78 pi Moose Lake. 

Micrabteriab aficulata (Ehr) Menegh , West and West, British 
Desmtdtaceae, II 97, PI 47, Figs 1-2. 1905 
Lake Sargent, on stems of submerged grass 

Michasteriab aficulata var fimbriata (Ralfs) Nordstedt; West 
and West, British Desmtdtaceae, II 90, PI 46, Fig. 6 1905 
Common in several lakes with a wide pH range Also from 
green scum on damp soil 

Micrasterias conferta Lund , West and West, British Desmtdta¬ 
ceae, II • 88, PI 43, Figs 4-8 1905 Forma 
From green scum on damp soil 

Micrabteriab chux-melitensis (Ehr) Hass ; West and West, 
British Desmtdtaceae, II * 116, PI 53, Figs. 1-3 1905 
Hidden Lake 

Micrabteriab denticulata var notata Nordstedt, West and 
West, British Desmtdtaceae, II *. 108, PI 50, Fig. 6. 1905. 

Width 196 pi, length 229 pi, isthmus 28 pi. Small pool in Sphag¬ 
num swamp. New record for Michigan 

Micrabteriab laticepb Nordstedt; Smith, Phytoplankton Inland 
Lakes Fm., Part II: 41, FI. 59, Fig. 3. 1924 
Width 152 pi, length 136.5 pi, isthmus 23 4 pt. Moose Lake. 
Hidden Lake. 

Micrasterias fapillifxra De Brdb.; West and West, British Dee • 
tmdtceae, II * 91, PI. 44, Figs. 1-2, 7. 1905. 

Width 113.2 pt, length 117 pi, isthmus 28.4 pi. Lake Ritchie. 
Moose Lake. Hidden Lake. 

Micrabteriab pinnatutda (Kuets.) Ralfs; West and West, British 
Desmtdtaceae, II ‘ 80, PI. 41, Figs. 7-11, 13. 1905. 

Moose Lake. 
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Micrabteriab radiata Hass , West and West, British Desmidiaceae, 
II: 113, PI. 52, FigB 1-fl 1005 
Pool in swamp Moose Lake 

Micrabteriab sol (Ehr) Kuetz , West and West, British Des¬ 
midiaceae, II 95, PI 46, Figs 1-2 1905. 

Moose Lake New record for Michigan 

Desmidium Aptogonium De Br6b , Smith, Phytoplankton Inland 
Lakes Wis , Part II • 144, PI 88, Figs 3-4 1924 
Moose Lake 

Desmidium abymmetricum Grbnblad, Acta Soc pro Fauna et Flora 
Fenn , 47, PI 1, Figs 5-7 1920 
Width 27-28 p, length 15 6-23 4 p PI XIX, Fig 17 This 
is apparently the first record of asymmetncum in North America 

Desmidium Baileyi (Ralfs) Nordstedt, Smith, Phytoplankton Inland 
Lakes Wis , Part II 145, PI 88, Figs 5-7. 1924 
Wallace Lake 

Desmidium Grevillei (Kuetz) De Baryj Smith, Phytoplank¬ 
ton Inland Lakes Wis , Part II 145, PI 88, Fig 8 1924 
Moose Lake. New record for Michigan 

Desmidium Swartzii C A Agardh, Smith, Phytoplankton Inland 
Lakes Wis , Part II 144, PI 88, Figs 1-2 1924 
Hidden Lake New record for Michigan 

Gymnozyga moniliformis Ehr , Smith, Phytoplankton Inland Lakes 
Wis , Part II. 146, PI 87, Fig 11 1924 
Generally distributed, appearing in nearly all samples New 
record for Michigan. 

Hyalotheca dissiliens (Smith) De Br6b , Smith, Phytoplankton 
Inland Lakes Wts., Part II: 142, PI 87, Figs 8-9 1924 
Generally distributed 

Hyalotheca mucosa (Dillwyn) Ehr, Smith, Phytoplankton In¬ 
land Lakes Wts , Part II • 142, PI 87, Fig 10 1924. 

Moose Lake 

Albion College 
Albion, Michigan 
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EXPLANATION OF PLATE XIX 

Figs 1-3 Clostenoides spinosus, gen ot sp nov 
Figs 4-5 Clostenum Lunula f minor W & G H West 
Figs 6-7 Clostenum turgidum Ehr 
Fig 8 Clostenum setaceum Ehr 

Figs 9-10 Euastrum pectmatum De Brtfb var inevolutum W A G S West 

Fig 11 Arthrodesmus tnangulans Lag, var 

Fig 12 Euastrum validum WAGS Wegt 

Figs 13-14 Staurastrum arachne Ralfs, var 

Fig 15 Euastrum orassangulatum Boerg 

Fig 16 Qylindrocystis diplospora Lund 

Fig 17 Desmidiutn asymmetneum Gronblad 

Figs 18-19 Staurastrum areuatum Nordstedt 

Figs 20-21 Staurastrum euspidatum Do Br6b 

Figs 22-23 Staurastrum oomutum Arohor 

Fig 24 Coamanum venustum var excavatum (Eiohl A Gutw ) W West 
Fig 25 Arthrodesmus Incus var axtensus Anders 




UNUSUAL AGARICS FROM MICHIGAN. IV* 

ALEXANDER H SMITH 


D URING the collecting season of 1935 abundant rains in the 
last part of June, the last of July, and the first two weeks in 
August caused a luxuriant development of a summer aganc flora 
As a result, species which have not been found in the vicinity of 
Ann Arbor for many years were collected in abundance Ladanw 
indigo Schw, Amanita cothumata Atk, Amanita peckiana Kauff, 
and Leptota fiorahs (Berk & Rav ) Sacc arc four notable examples 
Certain species were found on the ordinarily very dry and barren 
Bandy hillsides In this respect the occurrence of Leptota fiorahs 
was particularly interesting It covered an otherwise barren sandy 
slope in the George Reserve near Pinckney and, in spite of diligent 
search, it was not located in any other place during the season 
Amanita peckiana, which Kauffman (4) reported as occurring on 
Bandy ground under white pine, was found abundantly on aemibarren 
sandy soil along the borders of oak groves in the George Reserve 
and m several other locations near Pinckney and Chelsea 

Certain species collected previous to 1935 have also been identi¬ 
fied and are here reported A total of twenty species are discussed 
Sixteen have apparently not been reported previously from Michigan 
The collection numbers and the photographs are those of the writer 
unless otherwise stated 


List or Species 

Collybia tesquobom Fr. sensu Bresadola (PI. XXIII, Fig b) 
— Gregarious on the ground in a grassy open woo^s, Whitmore 
Lake, June 22,1935 (1393), George Reserve, Pinckney, August 10, 
1935 (1775) The colors were “Prout’s brown” * to “warm sepia” 
or, occasionally, nearly “auburn,” often “clay color” to “buck- 

* Papas from the Department of Botany and the Herbarium of the Uni¬ 
versity of Michigan, No. 667. 

i AH names of colors within quotation merits are taken horn R Radgway, 
Color Standards and Color Nomenclature. 1013. 

315 
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Unusual Agarics from Michigan 

thorn brown n on the dwk In age the pilei faded to “vinaceous 
buff” or “avcllaneous ” Ah m many of the hygrophanous species 
in this genus, the dark gills might at first lead one to look among 
the dark-spored genera when trying to identify a collection The 
spores measure 6-7 X 3 5-4 /*, are smooth, hyaline, and ellipsoid 
The odor and taste are slightly farinaceous when the flesh is 
crushed, cystidia are not differentiated, and the pilous trama 
is homogeneous 

Deconica rhomboidospora Atk (text Fig 7, Nos 22-23) — 
Scattered on sticks in a burnt-over area, Lakeland, June 11, 
1935 (1320), on sticks and debris, Dexter, June 17, 1935 (1350), 
cespitoso to densely gregarious on chips and d6bns near an old 
woodpile, Ann Arbor, June 19, 1935 (1378) When fresh the 
pilei are “russet” to “Mars brown” or with a sordid purplish 
tmge, but soon fade to “pale ochraceous buff” or a paler grayish 
buff The stipe is “Mars brown” or darker, and the gills are 
close to “cinnamon-brown ” The colors as descnbed by Atkin- 


EXPLANATION OP FIGURE 7 

Decomca rhombotdospora Atk Nob 22, 23 No 22, spores, X 850 No 23 v 
cystidia from the gill edge X 450 

Naucona hamadryas Ft Nos 5, 6, 8 * No 5, five stenlc cells from the gill edge, 
X 450 No 6, spores, X 850 No 8, section showing the inflated cells which 
form the cuticle of the pileus, X 150 

Psaihyra bipeUtsQ udl Nos 10,11,12,14 No 10, saccate cells from the gill edge, 
X 450 No 11, spores, X 850 No 12, inflated cells forming the cuticle of 
the pileus, X 157 No 14, oystidia, X 450 

Psaihyra gossypina Ft Nos 13, 16, 17, 18 No 13, spores, X 850 No 16, in¬ 
flated cells forming the cuticle of the pileus, X 157 No. 17, cystidia from 
Bides of the gills, X 450 No 18, cystidia from the gill edge, X 450 

Psaihyra muUtpedata Pk Nos 21, 24, 25 No 21, three cystidia from the side 
and edge of the gills, X 450 No 24, spores, X 850 No. 25, inflated cells 
from the cuticle of the pileus, X 157 

Psaihyra pennaia Ft Noe 15,19, 20 No 15, cystidia, X 450 No 19, spores, 
X 850 No 20, inflated cells forming the cuticle of the ptleus, X 157 

Psaihyra Typhae Kalch Nos 4, 7, 9 No 4, pedicellate oells from the cuticle of 
the pileus, X 450 No 7, spores, X 850 No 9, cystidia from the sides 
and edges of the lamellae, X 450 

Psdoeybe eamptopoda Pk Nos 1, 2, 3 No 1, pedicellate cells from the cuticle 
of the pileus, X 450 No % four thick-walled oyBtidia from the sides of the 
gills and three saccate cells from the gill edge, all X 450 No 3, spores, 
X 850 
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son are those of faded pilei in the writer’s collections The brown 
gills remind one of the genus Tubana, but the spores are dark 
purplish brown in mass Cystidia are scattered on and near 
the gill edges and measure 30-40 X 7-11 n. The pileus traxna 
is homogeneous. 

Hygrophobus discoideus Fr — Scattered on moss and humus under 
Bpruce, cedar, and aspen, Bees’ Bog, Burt Lake (1109, 1134, 
1160, 1247), and in Mud Lake Bog, Cheboygan Co., Oct 9-16, 
1934 The basidia were four-spored and the spores measure 
6-6 X 4 n The stems were wlute, never “ gUvo-furfuraceus,’’ 
as described by Bresadola (2) 

Lepiota floralis (Berk & Rav) Sacc (FI XXII, Fig a) — 
Very abundant on a sandy hillside, George Reserve, Pinckney, 
Aug. 10, 1935 (1776). Mumll (7) reports it as known from 
New Jersey and North and South Carolina 

Marasmiub impudicus Fr (PI XXI, Fig b) —On needle beds 
in a spruce plantation, Aug 3 (1698), and Aug 7, 1936 (1744) 
Found in great abundance after warm rains in early August. 

Naucobxa carpophila Fr — On old leaves and ddbris in wet woods 
of maple, beech, and hemlock, Silver Creek, Emerson, Sept. 2, 
1933 (33-849). 

Naucobia cidaris var minor Fr (PI XXIII, Fig c) —Pileus 
10-25 mm broad, convex or plane to campanulate, glabrous, 
lubricous, hygrophanous, margin faintly stnatulate when moist, 
“Sudan brown’’ on the disk, “raw sienna’’ on the margin, fading 
to “pale orange-yellow’’, lamellae close, narrow to moderately 
broad, narrowly adnexed, becoming sinuate, seceding, pallid 
olivaceous gray, becoming “old gold,’’ edge minutely eroded, 
stipe 2-4 cm. X 1 5-2 mm., homy, glabrous, lubnoous, reddish 
brown to blackish at base, becoming “Sudan brown,’’ “antique 
brown,’’ or paler above, spores 5-6 X 3 ju» smooth, very pale 
under the microscope, basidia 30-32 X 4-5 fi, four-spored, the 
stengmata small and inconspicuous; cystidia very rare on the 
sides, abundant on the edge of the gills, fusoid-ventncose to 
filamentous, 25-35 X 7-11 n; gill trama homogeneous, threads 
parallel to subparallel, the cells short and moderately inflated, 
pileus trama with a layer of enlarged parenchymatous cells over 
the surface, remainder of compaot smaller hyphae; odor and 
taste not distinctive. 
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On wet ground under sedges, Silver Creek, Emerson, Sept 2, 
1933 (33-850, 33-857); on old debris, Huron Mts, Big Bay, 
Sept 16, 1933 (33-994) The dark brown horny stipe reminds 
one of that of Omphalta campaneUa Fr Fries’ (3) illustration 
(PL 123, Fig 2) of N cidans var minor pictures the writer’s 
collections well 

Naucoria hamaortab Fr (text Fig 7, Nos 5, 6, 8) — On dlbns 
in Mud Lake Bog, Whitmore Lake, Aug 24, 1929, and Oct 8, 
1933 (33-1106) The large (14-18 X 7-9 fi) rough spores and 
the cystidia on the gill edge distinguish it microscopically The 
surface of the pileus is covered by a region of inflated cells having 
dark brown walls 

Nolanea verbatiub Fr (PI XXIV, Fig a) — Gregarious on muck 
in low swampy areas, Huron Mts, Big Bay, Sept. 16, 1933 
(33-986), and Pinckney, Oct. 1, 1933 (33-1050) The spores 
measure 10-12 X 6-7 ju and 10-14 X 6-8 fi 

Pluteub phlbbophorub Fr. var albo-fabinobub Rea (PI XXIII, 
Fig. a) — Singly around oak stumps, Ann Arbor, July 2, 1936 
(1458). 

Pbathyra bipelub Quti (PI XXIV, Fig b, text Fig 7, Nos 10, 
11, 12, 14) —Pileus 1-3 cm broad, obtusely conic, becoming 
somewhat expanded, often with an obtuse umbo, “diamine 
brown’’ when young and fresh, sometimes becoming “Mars 
brown’’ before fading, hygrophanous, fading to “light grayish 
vinaceous,” at first with scattered fibrils over the surface and 
a fibrillose zone near the margin from the broken veil, glabrous 
in age, margin appressed against the stem at first, flesh reddish, 
very fragile, taste not distinctive, odor faintly fragrant, lamellae 
moderately close to subdistant, broad, adnate or narrowed at 
the point of attachment, near “Connthian pink” at first, be¬ 
coming dark brown with a persistent reddish tinge, edge minutely 
white-fimbnate, stipe 1-4 cm X 2-3 mm., pallid with a reddish 
to pinkish tinge, very fragile, at first covered by a fibrillose- 
oanescent layer part way to apex, with scattered fibrillose points 
above, becoming nearly glabrous in ago; spores 12-16 X 6-8 n, 
very dark purplish brown under the microscope, smooth; cys¬ 
tidia on sides and edges, 60-70 X 10-16 fi, fusoid-ventnoose, 
smooth; pileus trama corticated by an area of inflated cells ar¬ 
ranged irregularly 
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Scattered on freshly spaded sandy soil along a road m an open 
oak woods, Ann Arbor, June 21, 1935 (1389) 

Psathyba qossypina Fr (PI XXII, Fig c, text Fig 7, Nos 13, 
16, 17, 18) — On soil at the edge of a pine plantation, Ann 
Arbor, Aug 7, 1935 (1743) In this collection the universal 
veil is exceptionally well developed and slightly buff-colored 
The spores measure 8-10 X 4-5 p, the cystidia, 35-45 X 8-12 p 
The pileus surface is covered by a region of globular inflated cells 
Psathyra microsperma Pk (PI XX) — Densely cespitose on dlbns 
in a low grassy woods, Stockbndge, Oct 10, 1933 (33-1116) 
The spores measure 6-7 5 (8) X 4 p, the cystidia, 30-35 X 8-11 p 
The pileus trama is corticated by a region of enlarged cells 
Psathyba multipedata Pk (PI XXI, Fig a, text Fig 7, Nos 21, 
24, 25) — Densely cespitose on humus in an open oak woods, 
Lakeland, Sept 28, 1933 (33-1033) The microscopic characters 
of this species are identical with those of P microsperma The 
rugulose margin of the pileus of P multipedata, the umbo which 
remains moist after the margin has faded, and the faint fibnllose 
zone near the base of the stem distinguish it from P microsperma 
Psathyba pennata Fr (PI XXIII, Fig d, text Fig 7, Nos 15, 
19, 20) — Scattered to gregarious on burnt-over ground, Lake¬ 
land, June 24, 1935 (1405) The spores measure 6-8 X 3 5-4 p, 
the cystidia, 40-50 X 10-12 p Cystidia are present on the 
sides and edges of the gills, and the pileus trama is corticated 
by an area of irregularly arranged inflated cells 
Psathyba Typhae Kalch (text Fig 7, Nos 4, 7, 9) —Pileus 
5-20 mm broad, convex, becoming nearly plane, at first covered 
with Bcanty patches of pale tan fibrils, soon glabrous, “russet” 
to “cinnamon-brown” or "Sayal brown,” hygrophanous, fading 
to pale buff, pellucid-striate when moist, somewhat plicate when 
faded, flesh very fragile, thin and watery, lamellae subdistant 
to moderately close, broad, attached by a narrow tooth or nearly 
free, pallid to whitish at first, soon pale brown, with finally a 
tinge of purplish brown, stipe 1-2 cm X 1-1.6 nun, hyahne- 
white, very weak, watery, and fragile, covered by scattered fi¬ 
brils or with a denser fibnllose zone toward the base, base slightly 
enlarged and delicately mycekoid at the point of attachment; 
spores 10-12 X 5-6 5 p, pale purplish brown under the micro¬ 
scope, cystidia on gill edge only, 30-45 X 7-12 p, smooth, 
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cyhndric, and obtuse to broadly fusoid-ventncose, basidia four- 
spored, pilcu.i trama with layer of loosely arranged clavate 
ppdicellate cells over the surface 
On dead stems of Typha lahfoha L, Mud Lake Bog, Wash¬ 
tenaw Co, July 9, 1935 (1498) Both Boudier (1) and M0ller 
(6) accurately describe and illustrate the species The russpt 
brown color of the pileus, the fibnllosc ring near the middle of 
the stem, and the soft fragile consistency are constant characters 
Naucona scirpicola Pk (Ann Rep New York Stale Mus, 42 
19 20 1889) is very likely this species The spores of the typo 
are identical m size and shape with those of P Typhae and, m 
addition, possess the characteristic smoky tinge under the mi¬ 
croscope The structure of the pileus and the nature and dis¬ 
tribution of the cystidia could not be determined from the type 
specimens of N scirpicola The russet-brown pileus and the 
gills, which remain cinnamon-brown for a long time, lead one 
to believe that the fungus belongs among the ocher-spored species 
PsinocYBi, oamptopoda (Pk) Sacc (text Fig 7, Nos 1 , 2, 3) — 
Pileus 12 5 (3) cm broad, broadly convex, becoming plane, vary¬ 
ing from near “buckthorn brown” to “cinnamon” on the disk 
when fresh, often “pale ochraceous buff” on the margin, hygroph- 
anous, whitish when dry, when water-soaked the colors dull 
and grayish brown, putty color, or near “avellaneous,” closely 
stnate when moist, glabrous, margin mrolled at first, flesh moder¬ 
ately thick on the disk in large specimens, thin toward the 
margin, rather pliant, lamellae narrow (2-3 mm), adnate, often 
seceding, crowded, whitish, becoming pinkish brown, stipe short, 
1-2 cm X 2-3 mm , curved, pale grayish brown, coarsely prui- 
nose, glabrous in age, hollow, cartilaginous, base white-stngose, 
odor and taste none or slight, spores 6-7 X 3.5-4 ft, very pale 
reddish brown under the microscope, dull reddish brown with 
a purplish tmge in mass, basidia four-spored, 20-22 X 4-5 ft, 
cystidia on the sides of the gills numerous, 35-40 X*9-12 ft, more 
or less incrusted over the apex, thick-walled, cystidia on the 
gill edge sacklike, 30-40 X 15-20 ft, not incrusted, thin-walled, 
pileus trama corticated by a layer of globose-pedicellate cells 
Densely gregarious to scattered on decaying logs m an elm 
swamp, Stockbndge, Oct. 10, 1933 (33-1117), Fowlemlle, 
Oct 21, 1933 (33-1131), and Stockbndge, July 5, 1935 (1488) 
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Thus is a decidedly top-heavy aganc when well developed The 
Nauconsrlike habit and the pale reddish gills are deceiving, but 
the spore color in mass is typical of Psilocybe. The rystidia 
are similar to those of Psilocybe sarcocephala Fr There are no 
traces of a fibnllose veil on even the youngest fruiting bodies 
The pruinosity of the stem and pileus margin is rather coarse 
It is clear from the studies of Psathyra Typhae and Psilocybe 
camptopoda that anatomical studies of these fragile purple-brown- 
spored species will be as valuable as they have been shown to 
be in the parallel ocher-brown-spored senes P camptopoda was 
apparently first collected in Michigan on Nov 8,1893, by Conrad 
and Langdon and determined by Peck Kauffman obtained it 
Oct 19, 1913, but did not determine the collection 
Psilocybe squalidblla var macrobpora Pk (PI XXII, Fig. b) — 
A very common agaric in sphagnum bogs and on wet exposed peat 
Tricholoma flavobhunneum Fr — This species has been collected 
at Magnetawan, Ontario, Canada (H. C Beardslee, Sept 2, 
1931), but apparently has not been previously reported from 
Michigan The writer found it at Wilderness State Park, Emmet 
Co, Oct. 12, 1934 (1145), where it was fairly abundant under 
a mixed stand of red pme and aspen. 

Tricholoma perbicolor Fr eensu Ricken — Pileus 2-4 cm broad, 
broadly convex, fiat or disk depressed at maturity, margin in- 
rolled and faintly stnatulate when fresh and moist, m age often 
undulate and contorted, glabrous, subhygrophanous, “Etruscan 
red,” fading to “flesh pink,” “seashell pink,” or white with a 
tinge of pink along the margin, m age the disk often bister or 
sordid brownish, flesh moderately thick, exceedingly brittle; 
lamellae crowded, narrow, white, slightly sinuate to adnate, m- 
tervenose; stipe 1-3 cm. X 3-8 mm, strongly enlarged above, 
narrow to pointed at the base, often compressed, hollow, con- 
colorous with pileus or whitish and covered by a pink pruinosity; 
spores 4-5 X 2 p; basidia four-spored, cystidia not differentiated. 

Gregarious to subcespitose on needle beds under spruce in 
a plantation at Ann Arbor, Aug 7, 1935 (1748). 

Umvaasivy or Michigan 
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Fig a Leptoia Jtoralxa (Berk A Rav ) Sau , X 1 
Fig b Pnlocybe squaltdella var macroapora Pk , X 1 
Fig c Pwthyva goatypxna Fr, X 1 
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Fig a Piute us phlebophorus va r albo-fannosus Rea, X 1 

Fia b CoUybta tesquorum Fr , X 1 

Fig c Naucona culans \ar minor Fr , X 1 

Fig d Ptothyra pennata Fr, X 1 
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Fio a Nolanea veraatiha Fr, X l 
Fig b Paatkyra btpclhs Qu£l, X 1 






NOTES ON NORTH ATLANTIC 
MARINE ALGAE. I* 

WM RANDOLPH TAYLOR 

I T HAS long been evident that the state of our knowledge of the 
m&nne algae of the east coast is entirely unsatisfactory The 
basis of all our accounts of American marine algae is W H Harvey's 
Nereis Boreah^Arnertcana , essentially the result of a few months' 
visit to this country on a lecture tour This work was not repre¬ 
sented as a complete account of American marine algae, and indeed 
was very far from putting our knowledge of the American east coast 
flora on a level with that of Europe W G Farlow's Marine Algae 
of New England, which appeared about thirty years later, while 
more comprehensively framed, did not enable the general botanist 
to identify correctly the majority of the elements in any local flora 
F S Collins, after thirty years more, helped matters considerably 
by the Green Algae of North America , but since the northeast coast 
marine algae are in smallest part'Chlorophyceae the appearance of 
hia projected account of the marine algae of New England was awaited 
with interest His death before it was completed halted all progress 
to the present along this line 

Meanwhile, continuing interest in marine algae manifested itself 
in a number of local floral lists, two or three substantial ecological 
studies, and several important morphological and cytologic&l papers 
These studies were apparently hampered and their value was lessened 
by unf&mihanty with the revisions which European students had 
found necessary in the nomenclature of these plants and by the lack 
of any comprehensive account and delimitation of the American 
species * 

* Papers from the Department of Botany and the Herbarium of the Uni¬ 
versity of Michigan, No 559 

The writer is greatly indebted to the former director, Dr Elmer D Merrill, 
and the curator of algae and present director, Dr Marshall A. Howe, for the use 
of Mr F« S. Collins’ manuscript on New England marine algae* Dr Howe has 
given valuable advice regarding many technioal problems m this study, as has 
Professor H, H Bartlett in preparing the descriptions. 
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An attempt to compile a modem catalogue has brought forcibly 
to the attention of the writer the fact that many of the names cur¬ 
rently applied to the alg&e of this area have long since been shown 
to be subject to replacement by others on the score of priority or 
of wrong generic assignment, those that have received general ac¬ 
ceptance abroad will for the most part have to be taken up The 
organization of the larger groups has in turn been profoundly changed 
by the life-history studies of the last twenty-five years A catalogue 
assembled today would not closely follow the works of Harvey or 
Farlow, the Collins list of 1900, or even his manuscript of 1920. 

In considering the revisions in nomenclature necessary to put 
our New England marine algal catalogue in hne with current prac¬ 
tice we may pass by changes already estabhshed, but should note 
certain new combinations which do not appear to have been made. 
A number of these were projected m Collins’ manuscript and must 
be accredited to him ♦ 

The specimen issued as Phycologia Boreali-Americana 477 under 
the name Vauchena ptlobolotdes var. compacta Collins (1900, p. 46) 
appeared to him ultimately to be unrelated to that species, so that 
he offered it as an independent type under the name V. compacta 
(Collins) Collins, comb. nov. The antheridia and the oOgonia are 
scattered, whereas in V. ptlobolotdes the sexes are grouped together. 

Specimens m the genus Diotyosiphon are particularly hard at 
times to segregate It seems appropriate to follow the Collins manu¬ 
script and to reduce D. hixptd.ua Kjellm. to varietal status under 
D. foentculaceus (Huds) Grev as var. hispldus (KjeUm ) Collins, 
comb, nov 

Harvey (1853, p 185) had a robust form of his Chylodadta 
Batleyana as var valtda, with stout ultimate branohes tapering 
equally to the ends. The Collins manuscript, using the genus 
Lomentaria and this variety, makes necessary Lomentana Batleyana 
var. valida (Harv.) Collins, comb nov. 

A New England alga has been known as Lomentana rosea since 
Harvey’s tune It should be compared with Chryaymema orcadenais 
Harv. (1849, p 100), which he himself later pictured as C rosea 
var. orcadenata (1851, pi. 301.) The American plant is like that 
figured as C. rosea (1851, id. 358). However, publication of C. 
rosea in the Nereis Borealt-Amertcana did not occur until after the 
British plates had appeared (1853, p. 186). It will therefore not 
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do to reduce the Orkney plant to varietal status; undoubtedly close 
to the plant called C. rosea and probably only an exceptionally 
broad individual, it muat represent the type of the Bpecies, and the 
comb nov Lomentaria orcadensis (Harv ) Collins will be needed, 
even though the name C rosea did exist in manuscript first (" Memoirs 
of Dr Harvey,” pp 217- 219 1869) 

To quoto from the Collins manuscript, ” The'examination of an 
authentic specimen of Polysiphonta tnolacea var flexicauhs collected 
at Halifax N S, shows it to be identical with the plant of the Maine 
coast here described It is more slender than P tnolacea, without 
definite pyramidal outline, the branching more uniform throughout, 
neither wanting at the base of a branch nor dense and fasciculate 
at the tip. Technically, the occurrence of a branch m the place 
of a leaf, not as a development of a leaf, distinguishes it from all 
our other species of the same habit ” This means that the 
branch initials replace tnchoblasts on certain segments instead of 
arising in their axils, and it means that the var flexicauhs is not 
related to P, tnolacea, the structure of which has been described 
by Falkenberg and others In manuscript there is proposed the 
name P. flexicauhs (Harv) Collins, comb nov, for P tnolacea 
var. flexicauhs Harv (1853, p 44). 

The intergrades frequently noticed between Polysiphonta Harveyi 
Bailey and the plant known as P Olneyi Harvey induced Collins 
in manuscript to reduce the latter to vanetal status aB P Harveyt 
var Olneyi (Harv) Collins, comb nov., this change seems advis¬ 
able, since the var Olneyi is about as different in one direction from 
P Harveyt as is the var. arteltna (Bail) Harv in the other as a 
seasonal phase 

In the difficultly separable species of the genus Rhodomela, the 
Collins manuscript decided that R Rochet Harvey (1853, p 27) 
was not distinct enough to justify separate status, and offered the 
name R. sub/vsea (Woodw) C. Agardh f Rochei (Harv) Collins, 
comb nov. ' 

Other names which Collins had intended to use do not seem to 
the writer to be needed. He does, however, suggest certain names 
which appear to have become necessary. 

Chaetomorpha atrovirens, sp nov. — Planta plerumque cum 
speeiebus aliia majoribus laxe intricate, filamentis curvatis, tor- 
tuosis, intnoatis; cellulis vix vel hand inflatls, media parte 300 vel 
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380 fi diametientibuH, longitudine duplo vol quintuple) (plerumque 
tnplo) longionbus quam lationbus, atrovindibus Specimen typi- 
cum legit cl Collins ad Revere Beach, Mass, Phyc Bor -Am 
n 412, in Herb Umv Mu h 

Chaeiomorpha airovtrens is the name offered for a well-known 
plant forming loosely entangled mats, usually anchored among other 
and coarser algae, filaments curved, twisted, interwoven, cells not 
at all or but slightly swollen, diameter at the middle of the cells 
300-380 ju, cells usually 3 diameters long, but varying from 1 5 
to 5 0 diameters, color usually rather dark green This plant ranges 
from Connecticut northward to Newfoundland and was issued as 
Phyc Bor -Am 412 It has been widely interpreted as a later phase 
m the growth of C melagomum , and by some called C Picquotiana 
However, the writer has seen no convincing demonstration of its 
relation with C melagonium f and the apparent absence of this phase 
(if it is such) on the west coast is some additional justification for 
considering it specifically distinct Objections to identification with 
C Picquotiana are given by Setchell and Gardner (1920, p 202) 
that plant appears to have the same descriptive characters as C 
melagomum Those writers do not, however, give any correct name 
for the New England entangled plant, the name C melagomum 
f typica Kjellm used for it by Collins (1909, p 324) obviously 
cannot be adapted, and consequently in the apparent absence of 
any legitimate name the new one is presented 

The microscopic creeping and disklike Phaeophyceae are par¬ 
ticularly difficult problems taxonomically, since at least some of 
them are likely to prove to be gametophytes of larger plants known 
only in the sporophytic phases Until such connection is culturally 
established many of them will continue to be classified as independent 
entities A number of morphologically distinct types are under in¬ 
vestigation as possibly worthy of recognition, and one of them has 
proved abundant enough and sufficiently readily recognized to en¬ 
courage immediate presentation 

Ascocyclus distromaticus, sp nov —Planta fusca, cpiphytica 
discoidca matuntate distromatica ex filamcntis ramosis valde sepa- 
rabihbus constans, filamentis patentibus pninurn umsenatiR, saepe 
pihfcns, demum plerumque divisione honzontah stromata dua for- 
mantibus, filamentis vegetativis erectis obtusis fere cyhndncis saepis- 
sime 3-5-celluhs, 7.7-10 0 p diametientibus, paraphysibus sessilibua 
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vel m Ktipitom unicellulum sedentibus, juvenibbus ovatis, brunneis, 
actate panetibus mcraHsatis, hyahnis, subcylindncis vel paululum 
angustatis, 7 5-10 0 ju diam , 70-100 p Ion pa, gamctangns sessilibua 
vel stipitatis, obtusis, subcylindncis, 7 10 ft diam, 17-56 ft longis, 
stipitibus unicellulift 

Plant forming epiphytic disks of readily separated branched fila¬ 
ments, spreading filaments 7 0-8 5 p diam , the cells 1-2 diam 
long, at first and sporadically remaining umseriate, but generally 
div uling more or less irregularly in the plant of the support, so that 
the disk is m most part distromatic, erect vegetative filaments blunt 
on the ends, cyhndru al or slightly contracted at the septa, 3 5 (-10) 
cells long, the cells 7 7-10 0 p diam , 7 0-14 0 p long, long colorless 
hairs frequent, attached to the basal layer, 5 5-9 5 p diam , the upper 
cells up to 120 p long, paraphyses sessile or on one-celled stalks, 
at first obovate and brown, about 15 p diatn and 30 p long, becom¬ 
ing tluck-walled and hyaline, subc ylindncal or a little tapenng, 
7 5-10 0 p diam , 70 100 p long, plunlocular gametangia generally 
sessile or on one-celled stalks, sometimes on stalks of 2 -3 cells, sub- 
cylindrical, obtuse, 7 10 p diam, 17-56 p long Type locality 
Penikese Island, southern Massachusetts, epiphytic on Rhodymenia 
palmata, July 24,1923, specimen m Herb Umv Mich The plant 
is actually quite frequent on this host in the latter part of the sum¬ 
mer about the entrances to Buzzards Bay, and fruits at this time 
of year 

It appears to the writer that the plant described by Farlow as 
Mynactis pulmnata Ktitz var minor Farlow (1881, p 81) and issued 
as Elackutea minor (Farlow) Collins in Phyc Bor -Am 1592 cannot 
be retained in either Mynactis or Elachistea In examining a great 
deal of matenal Dr Chin-Chih Jao and the wnter confirmed the 
presence of colorless hairs with basal growth and of plunlocular 
gametangia upon the assimilators The proper place for this plant 
appears to be the genus Mynactula, established by O Kuntze (1898) 
to replace Mynactis Kilts, and the name Myriactula minor (Farlow), 
comb nov., is needed 

Farlow (1881, p 62) records Phyllttis Fascia (C Ag.) Kilts and 
var eaespUosa from New England However, this genus name is 
preempted for a genus of ferns The other frequently used name, 
Ilea Fnes, 1825, was based on Entermorphae This species was 
associated with Petaloma DerWs and Sober as P Fascia (O F. 
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Mtiller) Kuntze, but this author did not make the combinations 
for the types which appear to be varieties of this plant. To bring 
them in line the writer would offer Petaloma Fascua var caespitosa 
(J Agardb), comb nov, for Laminana caespitosa J Agardh and 
P Fascia var zosterifolia (Reinke), comb nov, for PhyUtks zoster- 
ifolia Reinke (see Collins, 1900, p 206, Howe, 1914, p. 50, Setchell 
and Gardner, 1920, p. 233, 1925, p. 535) 

The New England Desmarestiae are not sufficiently variable to 
give much cause for confusion when allowance is made for the dif¬ 
ferences between the piliferous early spring state and the denuded 
state of summer Hence it was some time before the plant to be 
descnbed here was associated with D aculeate. (L) Lamour How¬ 
ever, not only was the connection eventually clearly established, but 
sufficiently lax forms of that speoies were recognised to render it in¬ 
advisable to grant the new plant more than varietal status Desma- 
restia aculeate var. attenuate, var nov. — Planta multo attenuatior 
quam typica forma, clongata usque ad 80 cm vel plus, angustissima 
ramosa sparsis, ultimis mdeterminatis ramulis tenuissunis, usque ad 
3-7 cm longis, determinate ramulis spinuliformis plerumque absen- 
tibus Tab. XXV, Fig 1 

Plant much more attenuate than the typical form, elongate, 
reaching 80 cm or more, very slender, sparsely branched, the ul¬ 
timate indeterminate branchleta very delicate, up to 3-7 cm long, 
Bpmuhform determinate branchlets being practically absent Type 
locality Pemkese Island, southern Massachusetts, where the plants 
were washed ashore in the sterile summer condition and collected 
by C-C Jao on July 10, 1934, specimen in herb W R. Taylor 
The variety has also been dredged off Gay Head, Martha’s Vine¬ 
yard, Mass, July 16, 1934, and collected when washed ashore in 
some abundance on Penikese Island, July 17,1935, by the writer 

With OraciUma multipartite there has been associated the var. 
angustissima Harv. (1853, p 107) as a slender plant in the American 
flora With the establishment of 0. Joltifera as the proper name for 
the speoies the varietal name must be changed if retained It seems 
to the writer that, in spite of the wide variation m the species, there 
is need for a designation of the barely compressed forms previously 
called by the varietal name and that the combination Qraalana 
fohtfera (Forssk.) B0rg var. angustissiiita (Harv), comb nov., 
should be made 
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The Dekaaerta denticulate of Phyc Bor.-Am 905 has been shifted 
to the genus Merabranoptera as M denticulate (Mont) Kylin, if 
the var angushfolta Lyngbye is to be recognised, it will apparently 
have to be transferred as M denticulate var. angustifolia (Lyngb.), 
comb nov 

The common rhodophycean Lomentana BaUeyana, in the southern 
Massachusetts area, generally has slender, subcyiindncal, curved 
branches. In New England there occurs a plant which may be 
described as follows: Lomentana Batleyana (Harv.) Farlow var. 
siliquiformis, var nov —Planta parva, saepe densior et colore 
levior quam in forma typica, ultimis ramulis plerumque loco umlar 
terahbus, frequenter bilateralibuB vel irregulanbus, basi acute con- 
stnetis, supeme attenuate ex diametro 2-3 mm usque ad subacutos 
apices in tota longitudine 1-2 cm 

Plants small, often denser than in the type, rather more brightly 
colored, ultimate branchlets usually unilaterally placed, sometimes 
bilateral or irregular, bases sharply contracted, above which point 
they taper from a diameter of 2-3 mm. to the subacute apices in a 
total length of 1-2 cm. Type locality Black Bock, New Bedford 
Harbor, southern Massachusetts, where the plants were growing 
attached in tide pools, specimen in herb W. R Taylor Collected 
by H. T. Croasdale July 28, 1931. 

It seems quite certain that the plant which has passed under 
the name Polyetphonta molacea as denved from the New England 
coast mid northward is not that species So far as the writer is 
familiar with present-day practice, two forms were currently called 
by thu name, one rather pyramidal and densely bushy, the other 
much taller, with angled mam axes and almost slippery consistency. 
It is the latter which has figured in experimental and cytological 
studies conducted in our area and which has gone into the trade 
for sale as teaching material. There seems no doubt but that it 
should be called P. flexicavlia, for reasons given above. The other 
form is much scarcer, and its stations are not su&dently easily 
reached to render it suitable material for experimental studies. It 
cannot represent the European P. molacea because the mode of 
origin of its branches in relation to the trichoblasts is different from 
that distinctive of P. molacea as described by Falkenberg (1901, 
p. 116). It bean some superficial resemblance to P. fibnttoea Grev, 
but lacks the recurved branchlets. Furthermore, that species has 
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the branches arising m the- axils of the tnchoblasts, a character in 
common with European P violacea, with which many Continental 
students have united it Our plant has the branches replacing the 
tnchoblasts, not axillary to them, and appears to be undescnbed 
Polysiphoma Novae-Angliae, sp nov — Planta marina et litto- 
ralis, vinaceo-rubra cx disco basah onens, pemcilloe plus nunusve 
pyramidales 8-15 cm altos erectos formans, textura subspongioaa, 
deorsum sparsim, sursum dense ramosis, ramis altenus pnmarus locos 
tnchoblastorum tenentibus in segmentis ramifens, laterahbus late 
patentibus, majonbus corticatis, celluhs {M'ncentrahbus 4, rainuhs 
altenus vel irregulanbus, plemmque subfasciculatis, tetrasporangns 
in sene vel recta vel spirah longitudinahter ordinatis, raro alterms, in 
ramis simphciter vel 3-4-plieiter furcatis, anthendns cyhndncis acu- 
minatis, formatis in apicibus ramulorum ex films mfimis tnehoblas- 
torum, pencarpus ureolatis, sessilibus vel breviter stipitatis in ramis 
supenonbus Tabb XXVI-XXVII, Figg 2-5 (Specimina typica) 
Plant from a basal disk, forming more or less pyramidal tufts 
8-15 cm. tall, moderately soft in texture but spongy rather than 
slippery, color light to dark purplish red, alternately branched and 
with few branchlets below, above densely and finely branched, main 
branching somewhat coarse, the pnneipal axes erect, straight, the 
lateral branches wide-spreading, the segments 600-850 p diam, 
250-600 p long, with four pcncentral cells about the axis, corti¬ 
cated, the cortications continued to the lesser branches, but variable 
in amount m different forms, upper branching alternate to irregular, 
more dense, so that the branch tips may be somewhat fasciculate, 
branchlets 85-100 p diam, segments 40-70 p long, ecorticate, pri¬ 
mary branches developing without reference to the evident tri- 
choblasta, probably replacing them on the supporting segments, 
tetrasporangia 70-85 p diam, oval or subsphencal, in straight or 
somewhat twisted senes, or sometimes alternate in the thicker 
branchlets, which m the fertile part may fork 1-4 tunes, and reach 
120-170 p diam, the segments up to 90 p long; free tetraspores 
40 p diam ; anthendia cyhndncal and pointed at the tip, to spindle- 
shaped, formed near the tips of the branchlets, each replacing one 
side of the lowest fork of a tnchoblast, not terminating in hairs, 
but often with a distinct projecting sterile axile cell at the tip, 
diameter 40-50 p, length 135-175 p; pericarps broadly urn-shaped, 
820-400 p diam, sessile or very short-stalked on the upper branches. 
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Type locality Black Rock, New Bedford Harbor, southern Massa¬ 
chusetts, growing in shallow water exposed to heavy wave action, 
collected by W R Taylor, July 25, 1935 

Univsiuuty or Michigan 
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PLVTK XXV 



Fra 1 Habit of portion of Desrnareetta aculeala var attenuate, X 0 37 







PLATE XXVI 



Habits of Polynphofm Novae-Angltaf 
Fig. 2 A totranporic plant, X 0 8 
Fig 3 A cystotwpic plant, X 0 8 







HabiU of Polynphonia Novae-Anghae 
Fig 4. An antheridial plant, X 0 8 
Fig 5 A cystocarpic plant {Phyc Bor -Am 596a), X 0 8 




VEGETATIVE ANATOMY OF THE TOMATO 
(LYCOPERSICUM E8CULENTUM MILL) 

II. LEAF STRUCTURE 

EDWARD F WOODCOCK 
INTRODUCTION 

I N AN earlier paper the writer (5) presented the results of in¬ 
vestigations on the stem anatomy of the tomato The results 
here recorded concerning the leaf have been obtained by a further 
study of the vegetative anatomy 

The early investigators, Hanstein (3) and Peterson (4), in their 
studies of the Solanaceae, did not include a careful investigation 
of the anatomy of the tomato The studies made by the writer 
(5) on the stem and the leaves of the tomato show that they are 
very similar in structure to those of the potato (Solanum tuberosum), 
investigated by Artschwager (1). Cooper (2), m his work on the 
anatomy and the development of the tomato flower, shows photo¬ 
graphs in which leaves and epidermis hairs appear, but no state¬ 
ment is made concerning their structure. 

MATERIAL AND METHODS 

The leaves for study were obtained from material grown in the 
greenhouse. An interpretation of the course of the vascular bundles 
was obtained by an examination of complete cleared leaves and 
stained microtome sections. The stain used was methyl green and 
Bismarck brown. 

GROSS MORPHOLOGY 

The alternate leaves are spirally arranged on the stun and are 
slightly enlarged at the point of attachment to it. No stipules were 
observed oil either young or old leaves The first or primary leaves 
appearing above the two cotyledons are much simpler than the older 
leaves. This difference is well shown in text Figure 8. The leaves 
are pinnately compound, with small, nearly entire, short-stalked 
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leaflets interposed between the larger notched or lobed leaflets The 
leaves, when young, are covered with elosely placed hairs As they 
mature the hairs become more separated, owing to the enlargement 
of the epidermal cells Sinie, in the maturing of the leaf, there is 



Fig 8 A, primary leaf of a tomato plant, B, secondary leaf X J 
The figures connected with the broken lines indicate the location of the cross 
sections shown in Plate XXVIII 

much greater increase m area m the blade than in the petiole, the 
hairs on the blade are much farther apart and more abundant along 
the veins than elsewhere The petiole, as it leaves the stem, is 
somewhat flattened along its ventral side The rachis of the 
ib divided into two furrows by a prominent ndge along its ventral 
side The leaflets are pmnately veined and have a smooth mor gm 


Anatomy of the Tomato 


237 


ANATOMY 

The hairs have a distinct variation m size and structure, as is 
shown in Plate XXVIII, Figure 6, and Plate XXIX, Figure 1 
The two larger, several-celled pointed types (PI XXIX, Fig 1, 
A B) can be easily seen without the aid of the hand lens The 
smaller of these two types arises as an outgrowth from a single 
epidermal cell, which is not raised above the level of the adjacent 
cells The terminal cell has a rounded apex The larger pointed 
hair, which is quite evident to the eye, is supported by a distinct 
enlargement on the surface of the leaf (PI XXVIII, Fig 2) The 
terminal portion of the hair is very slender, and the end cell has a 
slightly enlarged portion at its apex The two shorter, less easily 
seen hairs (PI XXIX, Fig 1, CD) present more variation than the 
two just described, and they arise as an outgrowth from an epidermal 
cell which is on the same level as the adjacent cells One of these 
is made up of several Homewhat cylindrical cells, the terminal cell 
having a pointed apex The other short hair is a gland type 
Its main axis consists of an elongated cylindrical cell, a short cy¬ 
lindrical cell, and a short taper-pointed cylindrical cell (Fig 5) 
About the taper-pointed cell are radially placed four somewhat 
spherical cells (Fig 4) Each of these cells is filled with rather 
dense cytoplasm, a nucleus, and several vacuoles containing a yel¬ 
lowish green oily substance The contents of these gland cells, when 
allowed to escape upon rupture of the gland, give off the charac¬ 
teristic odor and the yellowish green stain evident when a person 
handles the plants 

Ab seen in cross section, the leaf traces or bundles near the base 
of the jietiole form a crescent open toward the ventral side of the 
petiole (PI XXVIII, Fig 1) The leaf-trace bundles are limited 
on the outside by the endodermis and the pencycle and on the inside 
by the pith Each of the lateral bundles, which sometijnes consist 
of two or three somewhat fused bundles, is larger than the dorsal 
bundle The small ventral bundles arise as branches from the lateral 
bundles as they enter the base of the petiole 

The epidermis of the petiole is separated from the collenchyma 
of the cortex by a subepidermis consisting of a single layer of thin- 
walled, loosely arranged cells (PI XXIX, Fig 2) The few stomata 
on the stem have kidney-shaped guard cells (Fig 3) and typieal 
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wall thickening (Fig 2) Each stoma, with its guard cells, is at 
the top of a slightly elevated portion of the epidermis Below each 
stoma is a substomatal air space The outer penclinal walls of 
the epidermal cells are somewhat dome-shaped and have only a 
thin layer of cutin deposit The anticlinal walls (Fig. 3) are quite 
straight in contrast to the wavy condition evident m the epidermis 
of the leaf blade The long axis of the radially flattened epidermal 
cells is parallel with the long axis of the petiole 

The coUenchyma region (PI XXVIII, Figs 1-2, PI XXIX, 
Fig 2) is several cells in thickness and formB a continuous layer 
around the petiole The longitudinal wall thickening usually occurs 
at the comers of the cells Occasionally the thickening extends 
across the tangential wall, thus giving the collenchyma region a 
stratified appearance. The collenchyma cells are usually separated 
by several parenchyma cells from the endodermis, which is made 
up of thin-walled cells with slightly developed caspanan strips 
(PI XXX, Fig 5). Intercellular spaces occur between the paren¬ 
chyma cells 

Both the large and small bundles present the bicollatcral ar¬ 
rangement of the vascular tissues In cross section the tissues 
appear as shown in Plate XXVIII, Figure 3, and Plate XXX, 
Figure 5 Since there is no secondary thickening in the petiole 
all the tissues present are primary The tracheary elements are 
thick-walled structures separated by xylem parenchyma cells and 
are of the ringed and spiral type The phloem exists as small groups 
of thin-walled cells placed at an equal distance from the outside 
and the inside of the xylem. The outer phloem is separated from 
the xylem by a cambium zone made up of a few layers of irregular 
cells Thm-walled irregular cells separate the inner phloem groups 
from one another and from the xylem Parenchyma cells of irregu¬ 
lar size separate the outer phloem groups from one another. The 
pericycle consists of a single layer of parenchyma cells separating the 
endodermis from the phloem and the parenchyma groups. 

The phloem groups each consist of sieve tubes, companion cells, 
and conducting parenchyma. The location with respect to one an¬ 
other and to the xylem is quite uniform for both the outer and the 
inner phloem 

The large lateral bundles are connected with the dorsal bundle 
by a narrow zone which consists of the endodermis on the 



230 


Anatomy of the Tomato 

and phloem groups scattered among small parenchyma cells on the 
made (PI. XXVIII, Fig 1). In this intermediate region between 
the bundles there is no indication of cambium, xylem, or internal 
phloem. The two small ventral bundles are not connected with the 
large lateral bundles by such a distinct sone of cells. 

The internal structure of the rachis (Fig 4) vanes somewhat 
from that of the petiole. The two small ventral bundles are still 
evident, but the two lateral bundles and the dorsal bundle have 
fused to form a single trough-shaped vascular bundle, the open side 
being toward the ventral side of the rachis. The xylem elements 
are arranged in rather distinct radial rows; the phloem groups 
are arranged as in the petiole. The collenchyma in the ventral 
region of the rachis is localised at the top of each of the three ridges 
and is not separated from the epidermis by a subepidermal layer, 
as u the epidermis in the other parts of the rachis 

The stalk of the leaflet at the base of the leaflet blade has the 
same general shape and structure (Fig. 5) as the rachis. In Figure 5 
it is evident that one of the lateral ridges has been replaced by the 
lamina on one side of the leaflet and that the small ventral bundle 
on that side has passed into the lamina of the leaflet. 

The internal structure of the leaflet lamina is shown in Plate XXX, 
Figure 3, and is quite similar to that of the potato (Solatium tubero¬ 
sum) as described by Artschwager (1) The upper epidermis is only 
slightly thicker than the lower, and each consists of one layer of 
cells. Both epidermises have wavy anticlinal walls (Figs 1-2) 
Stomata rarely occur m the upper epidermis, but are abundant and 
irregularly arranged in the lower epidermis. The guard cells which 
surround each stoma have typical wall thickening and are about 
half as thick as the adjacent epidermal oells. The elevated posi¬ 
tion of the guard cells evident in the petiole does not occur in the 
leaflet lamina The mesophyll consists of a tingle layer of rather 
closely placed palisade cells and a spongy region of loosely arranged, 
somewhat rounded oells. Numerous small spherical chloroplasts 
occur in the mesophyll oells. The midrib and main lateral veins 
of the leaflet lamina have a trough-shaped vascular bundle, which 
gives off smaller branches from its ventral edges. Hie small veins 
are in contact with the palisade region and are bicollateral, with 
no indication of cambium present. 

The course of the vascular tissue through the leaf and the 
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various fusions and divisions which occur are shown in the diagram 
(PI XXX, Fig. 4) As the vascular tissue supplying the leaf passes 
from the vascular cylinder of the stem it consists of a small median 
dorsal leaf trace and two larger lateral traces In the basal region of 
the petiole there is cut off from each of [the lateral traces a small 
trace toward the ventral side of the petiole Each of the lateral 
traces consists of two or three somewhat fused bundles The lateral 
traces and the dorsal trace fuse as they enter the rachis region of 
the leaf to form a trough-shaped vascular bundle, whiph continues 
the length of the rachis Similarly shaped bundles arise from this 
bundle to serve as the main vascular supply for the leaflets Each 
of the two small ventral traces of the petiole remains separate from 
the other vascular tissues as they enter the rachis and passes out 
into the leaflet to form one of the first lateral veins at the base of 
the leaflet The opposite lateral vein arises as a branch from the 
edge of the trough-shaped vascular region just as it enters the base 
of the leaflet stalk Soon after passing beyond the first leaflets the 
trough-shaped vascular bundle gives rise to a small bundle from each 
edge, so that the cross section of the rachis at this point presents 
the same appearance as below the first leaflets 

SUMMARY 

The leaves of the tomato are pinnately compound and rather 
thickly covered m their young stage with four types of hairs Three 
of these types are somewhat pointed, unbranched, and several-celled 
The fourth type is gland-tipped The epidermis is separated from 
the collenchyma of the cortex, in practically all parts of the petiole, 
rachis, and leaflet stalks, by a subepidermal layer The vascular 
tissue is of the bicollateral type, and the leaf traces appear m the 
form of a crescent when seen in cross section In the petiole the 
vascular tissue consists of one small dorsal trace, two large lateral 
traces, and two small ventral traces. In the base of the rachis 
the lateral traces and the dorsal trace fuse to form a trou gh -shaped 
vascular bundle which constitutes most of the vascular supply for 
the rachis and the leaflets The first opposite lateral veins at the 
of the first leaflets arise as a continuation of one of the small ventral 
traces and as a branch from one edge of the trough-shaped vascular 
bundle entering the leaflet stalk Soon after passing beyond the 
point of origin of the leaflets the trough-shaped bundle of the rachis 
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given rise to a small ventral trace from each ventral edge Each 
of the two epidermises of the lamma has a single layer of cells of 
about the same thickness The mesophyll consists of loosely ar¬ 
ranged spongy tissue and a single layer of closely placed palisade 
cells 

Michigan State College 
East Lansing, Michigan 
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EXPLANATION OF PLATES XXVIII-XXX 

Iieaf of Lycoperatcum eaculentum Mdl 

Abbreviations CA, cambium, CH, chloroplast, CO, collenohyma; CS cas- 
panan strip, EN, endodermis, EP, epidermis; GC, guard cell, GL, gland, HA, 
hair, IP, inner phloem; IS, intercellular space, LE, lower epidermis, OP, outer 
phloem; P, phloem, PA, palisade, PE, penoyde, SC, substomatal chamber; SE, 
subepidennis, SP, spongy tissue, SPT, spiral tracheid, ST, stoma, UE, upper 
epidermis; X, xylem, XP, xylem parenchyma t 
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PLATE XXV11I 
(Photomicrographs) 

Fig 1 Cross section of petiole at region indicated by broken line (1) m tort 
Figure 8, showing the five leaf traces arranged in the form of a oresoent 
Each of the large lateral bundles is somewhat divided The outer phloem 
groups are continuous, while the internal groups occur only opposite the 
xylem X 15 

Fio 2 A portion of petiole cross section showing base of long hair, epidermis, 
subepidermis, eollenohyma, parenchyma of cortex, endodermis, pericycle, 
and outer phloem groups scattered among small parenchyma cells X 45 

Fio. 8 Cross section of vascular bundle and adjacent region showing paren¬ 
chyma of cortex with intercellular spaces, endodermis with slightly developed 
easpanan strips, pericycle of one layer of cells, outer phloem groups scat¬ 
tered among parenchyma cells, weakly developed cambium, spiral and annu¬ 
lar tracheids scattered among xylem parenchyma cells, and parenchyma of 
pith with intercellular spaces X 50 

Fig 4 Cross section of raohis at region indicated by broken lino (2) in text 
Figure 8, showing the three prominent ridges on the ventral side Beneath the 
epidermis of each ridge is a group of eollenohyma cells, and in all other regions 
a Bubcpidermal layer The remaining tissues are as in the petiole The two 
lateral vascular bundles and the dorsal bundle have fused to form a single 
orescent-shaped bundle with somewhat radially arranged xylem cells X 24 

Fig 5 Cross section of stalk of leaflet and lamina at region indicated by broken 
line (4) in text Figure 8, showing the same condition as in the rachiB, Figure 
4, except that one of the lateral ventral ndges has been replaced by the 
lamina of the leaflet A oross section of the leaflet stalk through the region 
indicated by the broken line (8) in text Figure 8 appears much the same as 
the section through (4) X 20 

Fig 0 A portion of the petiole, showing the relative length of the straight, some¬ 
what pointed hairs and the gland-tipped hairs X 3 
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PLATE XXIX 
(Camera lucida draw ings) 

Img 1 (4, B t C, D) The four types of hairs in side view drawn to the mime 
scale to show relative* length and structure X 16 

Fig 2 Cross section thiough epidermis, stoma, loosely arranged subepulermis, 
and (ollenchymn of petiole X 207 

Fig 3 Surface view of epidermis of petiole, showing the neaily straight anti¬ 
clinal walls, stoma, and hair X 207 

Fig 4 Top view of gland-tipped hair, showing the four somewhat rounded 
gland cells X 207 

Fig 5 Longitudinal section of gland-tipped hair, showing the mam axis ter¬ 
minated by a slender cell about which are arranged the gland cells X 207 







PLATE XXX 

(Camera lucida drawings, except Figure 4, which is a diagram) 

Fio 1 Surface view of low er epidermis of lamina, showing w avy anticlinal w alls 
and irregularly arranged stomata X 207 

Fio 2 Surface view of upper epidermis of lamina, showing w avv anticlinal walls 
(solid lines) and end view of palisade cells (broken lines) X 207 

Fig 3 + Cross section of lamina, showing uppei and lower epidermis stoma, 
palisade tissue, spongy tissue, intercellular spaces, chloroplasts, phloems, 
and xylem X 207 

Fig 4 (4, B, C , D) Diagram of petiole, rachis, stalk of leaflet, and base of a 
leaflet lamina, showing the changes which occur in the extent, shape*, and 
course of the vascular tissue 

Fig 5 Cross section of endodernns, pericycle, and vascular region of petiole 
Caspanan strips appear on the radial walls of the endodermis The outer 
phloem groups are separated from one another by parenchyma colls and from 
the endodermis by a pencycle consisting of one layer of thin-vvaJied cells The 
cambium is weakly developed and the xylem, which is primary, w made up of 
ringed and spiral tracheids separated from one another by xylem parenchyma 
The inner phloem groups are separated from one another and from the xylem 
by parenchyma cells X 207 






MARX VS. MALTHUS 

SAMUEL M LEVIN 


F IR more than a centuiy and a quarter the world has been inter¬ 
ested m the Malthusian population theory, for more than 
three quarters of a century it has had to reckon with the economic 
conceptions of Karl Marx Though Marx roamed over a wide-flung 
economic domain, it is not generally recognized that he had signifi¬ 
cant contributions to offer on the subject of population This may 
be due to the fact that his ideas m this sphere were in the main 
incidental to his consideration of the mechanism of capitalistic pro¬ 
duction, with its investiture of surplus value and the adjunct factors 
of accumulation, concentration, and centralization This approach 
led to a consideration of the effect of the increase of constant capital 
(means of production) on wages and employment, of absolute and 
relative redundancy of numbers, of the relationship between the 
course of the industrial cycle and the labor reserve, and a miscellany 
of kindred subjects 

The contrast between the views of Marx and Malthus is of no 
slight importance at the present time. Malthus used his theory of 
natural increase and checks as a practical yardstick or frame of 
reference. The principle of population, with its stem insistence on 
natural law and individual responsibility, was resorted to as a useful 
test of the validity of reoeived opimon on the improvement of 
society, the function of institutions, the practicability of the poor 
laws, war, crime, education, the socialization of property ownership 
and income, and sundry other items of importance to society. 
With Malthusianism on one side and the Marxian emphasis on the 
socialising and evolutionary processes of production on the other we 
have, represented before us, two contravening interpretations of 
economic development, two idea systems immanent in the conflicts 
and confusions of contemporary society. Since about half a century 
elapsed after the appearance of Malthus* first edition of the Buoy 
on Population before Marx began his serious work, a deeper insight 
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on hiH part into the nature of modern capitalistic economy was, of 
course, to be expected It would not be surprising, therefore, to find 
him adopting a critical attitude toward Malthus, way, in the manner 
of Senior or Bagehot But in addition to being a critic, Marx was 
the creator of a radically new outlook, a new fabric of thought with 
its fantastic and disquieting patterns, strangely different from what 
the protagonists of individualism had been accustomed to 

That Marx’s views on population are an amazing contrast to 
those of Malthus is clearly evidenced by a comparison of their 
respective thoughts on the crucial problems m this field 1 Marx 
evinces no disposition to concern himself with the proposition that 
plays a principal r61e m the* Malthusian system the constant tend¬ 
ency of population to increase beyond the means of subsistence 
This does not mean that he is oblivious to the phenomenon of natural 
increase, or, to use his own terms, “the actual increase” or “the ab¬ 
solute growth of the population ” 2 But such absolute growth is not 
construed as the vital element in the situation The real problem of 
population under capitalism, according to Marx, is the creation of 
the “disposable industrial reserve army” necessary for the expansion 
of the scale of production, independently of the limits of the actual 
increase of population Whereas Malthus uses the term “principle 
of population” m the sense of a law, identifying it with “the laws of 
Nature which are the laws of God,” Marx objects to the notion of a 
general, all-embracing law He offers instead “a law of population 
peculiar to the capitalistic mode of production” on the ground that 

1 Marx’s comment on MalthuB evinces an attitude of scornful depreciation 
The first edition of Malthus' Essay on Population, he says, "does not contain a 
single sentence thought out by himself ” He proceeds 14 the great sensation 
this pamphlet caused was due solely to party interests The French Revolution 
had found passionate defenders in the United Kingdom; the 'principle of popula¬ 
tion 1 slowly worked out in the 18th century, and then, in the midst of a great 
social crisis, proclaimed with drums and trumpets as the infallible antidote to 
the teachings of Condorcet &c was greeted with jubilance by the English oligarchy 
as the great destroyer of all hankering after human development Malthus, 
hugely astonished at his success, gave himself to stuffing into hiB book materials 
superficially compiled and adding to it new matter, not discovered but annexed 
by him ” Karl Marx, Capital, A Critique of Political Economy, edited by Fred¬ 
erick Engels (Charles H Kerr & Co, Chicago, 1021), I 675-676 See also 
Marx’s letter to Schweitzer, dated January 24, 1865 In this letter he stigmatises 
"Malthus’ book On Population” as a libel on the human race Karl Man 
and Fnednch Engels, Correspondence, 1846-1895 (International Publishers), 
p. 170 

' Capital, I 603-605 
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41 every special histone mode of production has its own special laws 
of population, histoneally valid within its limits alone ”* 

It is this relative surplus, this plethora of the labor reserve, 
induced by modern industrialism, that Marx puts in the center 
point of attention This to him is the challenging aspect of over¬ 
population in modern industrial society “It is capitalistic accumu¬ 
lation itself,” he tells us, “that constantly produces and produces in 
the direct ratio of its own energy and extent, a relatively redundant 
population of laborers, 1 e, a population of greater extent than 
suffices for the average needs of the self-expansion of capital, and 
therefore a surplus population ” 4 

The greater part even of Malthus > disquisition on population 
concerns itself with the problem of the increase of the lower classes 
To Marx, however, sueh augmentation of numbers is no evidence of 
a “constant tendency ” The pressure is not that of population on 
subsistence, but of the dominating groups in the capitalistic system 

1 Ibid, p 603 On this point see Engels* letter to F A Lange, dated 
Mareh 29, 1865 Marx and Engels, op cit, p 198 Some years Indore Marx’s 
Capital appeared Archibald Alison had already propounded the idea “that the 
welfare of mankind requires that different laws should regulate the progress of 
population at different pcnodH of its progress ’* The Principles of Population 
(London, 1840), I 9 Malthus disdained this sort of pluralism Even in the 
first edition of the Essay he wrote, pp 365-366 “ Unless the principle of popuZo- 
txon were to 6e altered according to the circumstances of each separate country 
(which would not only be contrary to our universal experience, with regard to 
the laws of nature, but would contradict even our own reason ) it is evident 
that the same principle, which seconded by industry will people a fertile region 
in a few years, must produce distress in countries that have been long inhabited ” 
See also reprint of Seventh Edition of Essay on Population (Everyman’s Library), 
II 158 

4 Marx, op at , I 691 Marx points out that even Malthus recognized 
“overpopulation as a necessity of modem industry," citing m corroboration some 
lines from the latter’s Principles of Political Economy He states (t bid , pp 695- 
696), however, that Malthus explained this overpopulation by “the absolute 
growth of the laboring population, not by their becoming relatively super¬ 
numerary/’ It is to be noted that Malthus, too, distinguished between relative 
and absolute “ , everything depends/’ he wrote (Everyman’s Library, 
II 261), “upon the relative proportion between population and food, and not 
on the absolute number of people '* Once the proper proportionmg between 
population and food was accomplished, “population might continue to increase 
for ages " But the Malthusian conception of a relative proportion was something 
altogether different from that of a relative surplus produced by capitalistic 
accumulation. It implied an adjustment between numbers and food in terms 
of prudential or moral restraint, with a resulting absolute increase if warranted 
by the supply of food The effort of population to increase beyond subsistence 
thus placed the problem of absolute increase in the foreground 
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on labor The natural increase of the proletariat, instead of illus¬ 
trating the effort of population to reach the limit of subsistence, is 
merely a normal reaction to their exceptionally high death rates and 
a response to the demand for an abundant crop of youthful laboren 
There is, in fact, an undersupply of young workers at the very time 
when the adult quota is overfull * 

There is the further point, adverted to by Marx, that “the 
number of births and deaths” and “the absolute size of the families” 
stand in inverse proportion to the height of wages and the accom¬ 
panying means of subsistence Hence the actual relation between 
population and subsistence is the opposite of what Malthus imag¬ 
ined, and the high birth rates (1 e the rapid renewal of the genera¬ 
tions of laborers) are not an indication of a necessary tendency, a 
constant pressure on subsistence, or improvidence on the part of 
men and women in the lower ranks of society Their early marriage, 
merely an adjustment to a social need, is “a necessary consequence 
of the conditions in which the laborers of modem industry live,” 
and of “the premium that the exploitation of children sets on their 
production ”• 

But what of the checks which Malthus made so much of, re¬ 
garding, as he did, the study of the operation of the checks m human 
society, m the past and the present, as his principal contribution? 
There is nothing in Marx to indicate that he deemed them a mat¬ 
ter of weight in the discussion of the population problem. Since 
the checks of vice, misery, and moral restraint are in the Malthusian 
sense the outcome of the pressure of population on subsistence, a 
point of view so obviously in disaccord with such pressure as the 
Marxian was tantamount to their disestablishment Marx recog¬ 
nizes an adjustment, to be sure, but it is an adjustment of population 
to the requirements of capital, instead of to the means of subsistence. 
It is not based on the geometric and arithmetic ratios It is effected, 
not by food, but by “the mechanism of capitalist production and 
accumulation ” 7 Vice, misery, and moral restraint are not germane 
to this aspect of the problem, and far from holding the vantage 

' Mam, op at, I• 704 

* /bid, pp 704-706 "This incessant reproduction, this perpetuation of 
the laborer is a sine qua non of capitalistic production” (p 625), also, “the 
maintenance and reproduction of the working class is and must ever be, a neces¬ 
sary condition to the reproduction of eapltal” (p 627) 

» /bid., p. 707 
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ground in the cLscussion of population that Malthus accords them, 
their function as checks is to all intents and purposes buried in 
oblivion 

In the light of this conception of the motives for the reproduction 
of laborers how doeB Marx deal with “means of subsistence”? The 
familiar Malthusian propositions are that population is limited by 
the means of subsistence and that it invariably increases where the 
means of subsistence increase, unless prevented by the checks of 
vice, misery, and moral restraint Marx uses the term “means of 
subsistence” to describe the laborer’s consumption “The laborer,” 
he says, “turns the money paid to him for his labor power into 
means of subsistence, this is his individual consumption,” necessary 
for his living But it is also through this consumption that “the 
muscles, nerves, bones, and brains of existing laborers are reproduced 
and new laborers are begotten ” 4 He proceeds “Within the limits 
of what is stnctly necessary, tho individual consumption of the 
working class is, therefore, the reconversion of the means of sub¬ 
sistence given by capital m exchange for labor power, into fresh 
labor power at the disposal of capital for exploitation.” 

Thus even the individual consumption of the laborer is a part of 
the process of capitalistic production. Though the maintenance 
and reproduction of the working class is a condition of the repro¬ 
duction of capital, the “capitalist,” says Marx, “may leave its 
fulfilment to the laborer’s instincts of self-preservation and propa¬ 
gation.” But the needs of capital are m the ascendant It is these 
needs that determine the laborer’s response There is no place for 
self-determination. The workmg class is merely an appendage 

The Marxian thesis leads to the conclusion that neither pnor ex¬ 
istence of food nor the increase of such food accounts for the growth 
of population, for the means of subsistence flow from the capital¬ 
istic process, and this process has no definable limits. If the laborer’s 
consumption is reduced to the bare requirements of maintaining and 
reproducing his class, the situation is not due to the fact that the 
power of food to increase is less than that of population, but to the 
disparity between what capital awards to labor and what it reserves 
to itself. The very necessaries with which laborers are sustained are 
parts of the capitalistic product Finally, under the influence of 
“the law of capitalistic society,” that the number of births and 

• JW..P 828 
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deaths and the absolute size of the families “ stand in inverse pro¬ 
portion to the height of wages/' procreation is actually checked 
with an increase of means of subsistence and vice versa 

Marx's interpretation has some kinship to the Ricardian point 
of view in recognizing the salient importance of capital as the direct 
factor bearing on the employment of labor 9 Since there is the 
instinct for propagation, and since wages suffice not only for main¬ 
tenance but for growth, the natural increase is a response to the 
growing demand on capital's part for new labor power Indeed, he 
acknowledges that the requirements of accumulation of capital may 
exceed the increase of labor power or the number of laborers The 
demand for laborers may exceed the supply and therefore wages 
may nse, but the background of this increase is capitalistic “Accu¬ 
mulation of capital," he says, “is increase of the proletariat ” 

Marx evidently sees no need for moral restraint (Malthus’ prin¬ 
cipal remedy for the evils of overpopulation) and does not mention 
it, save as a gibe against the parsons Men and women are not 
admonished to resort to moral restraint or any other method of 
birth control The mention of the inverse proportion between the 
absolute size of families and the height of wages indicates that he 
knew of the existence of measures of birth restnction, but he regards 
this situation as a law of capitalistic society His personal repug¬ 
nance to such a state of affairs is seen m his designating it as some¬ 
thing which “would sound absurd to savages or even civilized 
colonists" “The folly," Marx writes, “is now patent of the eco¬ 
nomic wisdom that preaches to the laborers the accommodation of 

• “Population regulates itself by the funds which are to employ it, and 
therefore always increases or diminishes with the increase or diminution of 
capital/’ D Ricardo, The Principles of Political Economy and Taxation (Every¬ 
man’s Library, 1012), p 41 In the chapter entitled “Malthus on Rent” Ricardo 
writes (p 277) “ the general progress of population is affected by the 

increase of capital, the consequent demand for labour, and the rue of wages, 
and the production of food ib but the effect of that demand” Marx, 
however, parted company with Ricardo and the economuts in insisting that the 
importance of accumulation is not in its direct effect on numbers, but in pro¬ 
ducing a relative surplus In the event of greater accumulation “it is not the 
diminished rate either of the absolute, or of the proportional increase of labor 
power or laboring population which causes capital to be in excess, but con¬ 
versely, the excess of capital that makes exploitable labor power insufficient 
In the second case [slackening of the rate of accumulation] it u the 
relative diminution of capital that causes the exploitable labor power, or rather 
its price to be in excess ” Marx, op at , I 670 See also pp 690-700 
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their number to the requirements of capital,” since the mechanism 
of production and accumulation takes care of it And the answer 
to Multhus' earnest plea for postponement of marriage ib the already 
mentioned fact that the early marriage of the laborer is a response 
to the social need of a continuously replenished labor supply 

In this respect the Marxian treatment of population differs from 
those of other writers, such as William Thompson, preceding him, 
and August Bebel and Bernard Shaw, following him He was 
interested m analyzing the nature of the capitalistic process and the 
modes of economic change and their effects on society The prob¬ 
lem of numbers was intertwisted with a score of others It was 
not singled out for special consideration, as with the foregoing 
writers, or prompted by the desire to vindicate socialist expectations 
on this score against unfriendly critics 

As to the positive check of misery, it is to be noted that Marx 
did not envisage it (in the Malthusian style) as a penalty for the 
worker’s lack of foresight, prudence, and restraint, for overpopula¬ 
tion with its blight of misery was needed for the expansion of capital 
That labor was wrapped in misery he did not deny Indeed, he 
insisted that the lot of the laborer was always growing worse, os 
shown in the differential death rates of the laboring class, in the 
exploitation of mothers and children, in accidents, industrial disease, 
and the spread of pauperism But these are stigmata of the system, 
for which such things as surplus value, the changing technical 
composition of capital, and capitalistic accumulation are to be 
blamed and not the laborer’s instinct They are not “terrible cor¬ 
rectives to the redundance of mankind,” occasioned by the too 
rapid increase of population The high death rates are not indica¬ 
tions that we have offended against some of the laws of nature Nor 
would Marx regard the disease and death flowing from dirt, squalid 
poverty, and mdolonce as a “benevolent dispensation ” ,# Ho would 
undoubtedly say that, far from being necessary, they are the re¬ 
sults of forms of exploitation m the present histone stage of capital¬ 
istic production 

More important to Marx than means of subsistence are means 
of production The term is used repeatedly Accumulation increases 
the concentration of means of production in the hands of individual 
capitalists It is the growing extent of the means of production 
“ M&ltbus, op at., II ‘ 162-168 
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as compared with labor power (1 e the progressive increase of con¬ 
stant capital in proportion to variable capital or labor power, 
necessary for its employment ) 11 that is at the bottom of the labor 
reserve 

The accumulation of capital proceeds by capitalistic reproduc¬ 
tion Indeed, it is a reproduction on a progressive Beale, effected by 
the reproduction of labor power incorporating itself with capital. 
Accumulation, moreover, is conditioned by methods of raising the 
productive power of labor leadmg to an acceleration of thu process 11 
In the end, under the "specifically capitalist mode of production” 
it manifests itself as "a constant increase of its constant at the 
expense of the variable constituent ” This, then, is the Marxian 
constant tendency as against the tendency of population to increase 
at a more rapid pace than subsistence 

The law of population peculiar to the capitalist mode of produc¬ 
tion is stated in these words "The laboring population . . pro¬ 

duces along with the accumulation of capital produced by it, the 
means by which itself is made relatively superfluous . and it 
does this to an increasing extent This kind of relative superfluity 
occasions an overpopulation, but by a method different from the 
theory of natural increase propounded by Malthus That method 
is the capitalistic process of accumulation effected by the appropri¬ 
ation of labor’s surplus product, accelerated by the use of credit, 
and enhanced by the concomitant processes of concentration and 
centralisation The consummation of the movement manifests itself 
in a piling up of machinery, in larger and more powerful aggregates 
of capital, and in new and more efficient techniques of production 

11 Here, too, the Marxian thought beam some kinship to the Ricardian, 
though Marx follows a tack of his own Ricardo wrote (op cti , p 264) "I 
am convinced that the substitution of machinery for human labor is often very 
injurious to the industry of the class of laborers it follows if I am right, 
that the same cause which may increase the net revenue of the country may 
at the same time render the population redundant, and deteriorate the condition 
of the laborer ” 

“ Marx suggests the interesting idea that in the childhood of captiaHnUn 
production the advance of accumulation found a check in the natural Hmim 
of the laboring population, le population functioned as a check to capital 
This is akin to a view expressed by Michael T Sadler a generation earlier with 
regard to means of subsistence (The Law of Population [London, 1880], 1:106) 
"We assert directly the contrary, namely, that the means of subsistence ate 
produoed and limited by population " 

u Marx, op at , 1.662 
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An inseparable feature is a relative surplus, a supernumerary force 
needed for the free play and expulsion of modern industry 

It is obvious from what has been said that Marx has impressed 
on the contemporary raw material of overpopulation the configu¬ 
ration of the modem problem of unemployment and underemploy¬ 
ment Specifically, he has constructed a theory of technological 
unemployment His discussion of this subject leaves the impression 
of uncanny up-to-dateness He cites the decline of employment in 
the various industries of England and Wales in 1861 as compared 
with 1851, e g in worsted manufacture, silk weaving, and hat mak¬ 
ing u In the cotton industry between 1861 and 1868, 338 cotton 
factones disappeared, the number of operatives decreased by 50,505, 
but the product increased He shows how, as a result of maximising 
the rapidity and intensity of labor, workmen earned (after the Ford 
fashion) m eleven hours as much wages as they had done before in 
twelve, or produced in eleven hours more than previously in twelve 
He touches on the “automatic factory” which transforms the worker 
into a sort of “detail machine,” at the same time lessening the 
expense of his reproduction, on the repulsion of laborers by old 
capital, and on the more difficult absorption of the superabundant 
numbers He points to the relatively short working life of the 
modem industrial employee, the progressive replacement of skilled 
workers by less skilled, male by female, and adults by young persons 
or children 

While stressing these effects of machinery on labor, Marx never¬ 
theless was obliged to admit that circumstances may occasion an 
absolute increase in the working population, eg under “special 
stimulus to enrichment” and the opening of new markets, or where 
the process of accumulation has given nse to an excess of capital 
Hu pivotal point is that, with the growth of the total capital, the 
labor incorporated in it also increases, but in a constantly diminish¬ 
ing proportion. 11 * 

“ Ibid 

u Ibid., p 690 Marx calls attention to a number of other important facte 
relevant to this problem, vie, that labor thrown out of work in any branch 
of industry may be benefited by new and added capital seeking investment 
An im m ediate effect may be an Increase of employment in other industries, 
though (he capacity for increased employment would depend “on the extent 
to which machinery has already seised on or is then seising on those trades ” 
Another oase favorable to employment is where the half-finished or intermediate 
product is still supplied by handicraft. He admits the possibility of augmented 
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There is no doubt that, from the Marxian standpoint, the phe¬ 
nomenon of the relative surplus is the enix of the problem of popula¬ 
tion Therein is found the challenge of redundancy, rather than in 
the inevitable overgrowth of numbers, in the absence of the checks 
It is the forms and the functions of this surplus that are all-important 
“The intensity of competition among laborers,” he tells us, depends 
wholly on its pressure Even the general movement of wages is 
determined, not “by the variations of the absolute number of the 
working population,” but by the expansion and contraction of the 
industrial reserve, a mass of human material always ready when 
needed 16 It is necessary for the expansion of the scale of production, 
independent of any other increase of population It offers the possi¬ 
bility of throwing large masses of men on the decisive ixnnts of 
industry without diminishing the seale of production m other plaees 
Thus it is inseparably linked with the industrial cycle, for the jienods 


employment in industries that pioduce luxuries, in the carrying trades, in the 
making of canals, docks, bridges, etc, and m the unproductive channel of do¬ 
mestic service Marx concludes that with the extension of business and increase 
of capital or the introduction of more machinery in an industry, employment 
increases Only in proportion to the total capital advanced do the numbers 
diminish He puts it succinctly in these words “Hence a relative decrease ui 
the number of hands is consonant with an actual me rease ” Jbtd , p 401 

The microscopic inspection of the intricacies of capitalistic employment of 
machinery brings to light what Marx, himself, designates as a contradiction, 
namely, that the diminution of the number of workers is an obstacle to the 
increase in the rate of surplus value or profit, inasmuch as surplus value is de¬ 
rived from variable capital It is this which at the outset prompts to an exces¬ 
sive lengthening of the working day (in order to squeeze more surplus value 
out of each workei), and with the advent of legislation for the shorter day, to 
further improvement of machinery and increased tension of labor power Tlie 
Marxian attempt (brought out posthumously) to resolve this contradiction by 
the possibility of a uniform rate of profit if “all employers are to be regarded as 
one group in which the surplus value gamed by all is distributed among all/ 1 
was met with a volume of adverse criticism Alexander Gray, The Development 
of Economic Doctrine (London, 1931), p 321 

1# “Every laborer,” writes Marx (op at , I 703), “belongs to it during the 
time when he is only partially employed or wholly unemployed ” The bearing 
of the Marxian analysis on the “iron law of wages” is adverted to in a letter 
that Engels wrote to Bebel in March, 1875 Engels' comment was as follows 
(Marx and Engels, op at , p 335) “Now Marx has proved in detail m Capitol 
that the laws regulating wages are very complicated, that sometimes one pre¬ 
dominates and sometimes another, according to circumstances, that therefore 
they are in no sense iron but on the contrary very elastic The Malthusian 

basis for the law which I^asalle copied from Malthus and Ricardo * has been 
refuted in detail by Marx in the section on the Process of Capital Accumulation ” 
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of changing activity depend “on the constant formation, the greater 
or less absorption, and the reformation of the industnal reserve 
army of surplus population ” 17 The cycle in turn recruits the surplus 
and helps to reproduce it The redundant mass is a force which in 
depression serves to weigh down the active labor army and, in 
periods of marked improvement, to impede labor’s advances 

There are other elements in the Marxian treatment that offer a 
vivid contrast to the Malthusian As against Malthus' simple ter¬ 
minology touching on the reproduction of the human species, wo have 
an involved nomenclature dealing with the reproduction of labor 
power ineorjiorated into capital, the reproduction of capital, the re¬ 
production of the capital relation (i e the relation between capitalists 
and wage workers), and the reproduction of surplus As agamst the 
workman burdened with “the principal blame” for hw poverty, be¬ 
cause of imprudent marriage or his endeavor to raise too many 
children, Marx places the responsibility on the productive process, 
as against Malthus' “nanow principle of self-mterest which prompts 
each individual to exert himself in bettering his condition,” 18 Marx 
puts his emphasis on social labor, social capital, social means of 
production, the social productive power of labor, and the synchro¬ 
nizing of the productive conditions of any given period with its 
technical advance And as agamst “the retrograde and progressive 
movements of labor” that Malthus speaks of, we have the Marxian 
conception of an industrial cycle inseparably yoked to the labor 
reserve 

Malthus drew a picture of disastrous consequences that would 
inevitably ensue if a “system of equality” were to replace private 
property The darkness of misery would then settle on the whole 
of society instead of enshrouding merely the lower classes He vi¬ 
sioned a resulting scene of strife, desolation, and confusion But 
to Marx ultimate dissolution was immanent in the existing order 
of inequality bound up with the order of capitalist domination In 

17 Marx, op cif, I 604 A view akin to the Marxian, that capital requires 
an industrial reserve army "for its free play,” is suggested in Sir William Bev¬ 
eridge's reference (Unemployment [19801 p 13) to "the requirements in each 
trade of reserves of labor to meet the fluctuations of work incidental even to 
years of prosperity ” 

18 Malthus, op c»f, II * 261 A factor offsetting this individual responsibility 
is deception by the higher classes of society as well as “ encouragement to marriage 
from positive institutions and prevailing opinions M Ibtd, pp 170,185 
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contrast to the Malthusian opinion that “the structure of society, 
in its great features, will probably always remain unchanged/ 1 and 
that “we have every reason to believe that it will always consist of a 
class of proprietors and a class of laborers,” Marx endeavored to show 
that the present order of property ownership, individual enterprise, 
and profit is merely a stage in the industrial evolutionary process 

Both Malthus and Marx couple misery with population redun¬ 
dancy The Malthusian misery is inclusive of vice, for the very 
reason an action is termed vicious is that its general consequence is 
misery Though poverty was needed as a spur to industry, Malthus 
recognized that “the indigence which is hopeless destroys all vigorous 
exertion and confines the efforts to what is necessary for bare exist¬ 
ence ” 19 The misery of the workers is a positive check to popular 
tion, and moral restraint the remedy to prevent it But this cannot 
he effected without incidental evils Malthus even argued that 
“moral evil was absolutely necessary to the production of moral 
excellence ” 20 He insists, however, that we are not patiently to 
submit to it, but to endeavor to avoid it He stresses the belief that 
the tendency of population to increase faster than food is really 
necessary to overcome indolence, to improve human faculties, and 
to replenish the earth, but he does not tell us how society can steer 
safely between the individual’s desire to escape poverty and these 
basic needs of man His appeal to the individual may perhaps 
be logically sustained in the light of his insistence that moral restraint 
is possible at a cost of only temporary unhappiness But the ques¬ 
tion remains of drawing the line between good and evil in a manner 
not to weaken the process of fostering exertion, replenishing the 
earth, and “forming mind out of matter ” 21 

For Marx, misery is like a deepening gloom that finally enwraps 
the laboring class in the blackness of an impenetrable night. “In 

18 Malthus, op cU , Second Edition, p 476 

* Malthus, op cU , First Edition, pp 375, 306 See also Second Edition, 
p 484 

u In the first edition Malthus argues (p 306) that “The continual variations 
m the weight [of evil] and in the distribution of this pressure, keep alive a 
constant expectancy of throwing it off” He also points out (Everyman’s 
Library, II 168) that with a balance between population and food, it is hard 
to see what motive “would be sufficiently strong to overcome the acknowledged 
indolence of man.” “If the question be merely a question of degree,” he avers, “ .. 
we may fairly distrust our competence to judge of the precise quantity necessary 
to answer the object with the smallest sum of incidental evil” 
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proportion aB capital accumulates,” he says, “the lot of the laborer 
. . . must grow worse ” * 

Whereas Malthus recognises a number of offsetting features, such 
as the oscillation from misery to plenty and the operation of certain 
“interrupting causes,” rendering the condition of the laborer, for 
irregular periods, “tolerably comfortable,” the Marxian interpreta¬ 
tion of this problem is weirdly pessimistic. It foredooms the modem 
laborer to pauperism, a condition which “develops more rapidly than 
population and wealth ” Pauperism, m turn, is a dead weight resting 
on the shoulders of the industrial reserve 

But there is another difference To Malthus the misery of the 
lower classes, together with the habit of attributing this distress to 
the rulers, is “the rock of defense, the castle, the guardian spirit of 
despotism.” In view of what has been done to human liberty m 
European countries m recent years these words of Malthus on the 
dangerous reactionary tendencies of a poverty-stricken rabble (save 
perhaps for regarding a natural pressure of population as the chief 
cause) acquire a special significance “A mob which is generally 
the growth of a redundant population goaded by resentment for real 
sufferings but totally ignorant of the quarter from which they origi¬ 
nate is of all monsters the most fatal to freedom ” ** But Marx, 
somewhat in the same vein, raised his voice in warning, not against 
the undifferentiated mass of redundant population, but against “the 
social scum,” the “passively rotting mass thrown off by the lowest 
layers of old society ” The mcrease in the number of the proletariat, 
on the other side, leads to growing strength, revolt, and a new 
economic and social order, one in which the full and free develop¬ 
ment of every individual forms the ruling principle. 

Both Malthus and Marx predicate struggle It was Malthus who 
first used the term “struggle for existence” m describing the contest 
which ensues when the overpopulation of a pastoral tribe forces out 
“young scions from the parent stock . . to explore fresh regions 
and to gain happier seats for themselves by their swords ” M Struggle 
was indeed immanent in the Malthusian system, a fact that explains 
the rfile that it played in the formulation of the theory of natural 
selection. Darwin himself wrote: “As more individuals are produced 
than can possibly survive, there must in every case be a struggle for 

“ Marx, op. oU., I s 708-709. a Malthus, op. eU, II. 187. 

H Ibid., tint Edition, pp. 47-48. 
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existence, either one individual with another of the same species, or 
with the individuals of distinct species, or with the physical condi¬ 
tions of life It is the doctrine of Malthus applied with manifold 
force to the whole animal and vegetable kingdoms, for m this case 
there can be no artificial increase of food and no prudential restraint 
from marriage ” 56 

Marx, on his part, propounds the theory of class struggle, which 
is something different from the Malthusian struggle for existence 
Indeed, he criticizes the “stiuggle for life” derived from the Mal¬ 
thusian law of population or overpopulation, on the ground that it 
fails to analyze the ‘‘struggle for life as it historically presents itself 
in various determinate forms of society,” that, in the current fashion 
of thought, “one has nothing to do but to turn overy concrete struggle 
into the phrase ‘struggle for life' and to translate the phrase into 
the Malthusian population fantasy ” M 

Both Malthus and Marx comment on the family and marriage 
Malthus recognized that society is exposed to vice, whether it arises 
from prudential restraint or from the squalid poverty generated by 
overpopulation Moral restraint is his remedy Even women would 
benefit by postponmg the age of marriage “If the general age of 
marriage among women were later,” he averred, “the penod of youth 
and hope would be prolonged and fewer would be ultimately dis¬ 
appointed ” The Marxian remedy is the radical one of abolishing 
the present system of production 

Marx’s conceptions were no doubt affected by a recognition of 
the growing economic importance of women This item is inconse¬ 
quential m the Malthusian treatise 27 But Marx comments on the 
growing substitution of female for male labor, on the induction of 
mothers into industrial employment, and on the consequent need 
to hire substitutes for the home and to replace domestic work by 
ready-made products The process develops as a sort of social 
catalysis that leads to a dissolution of family life, excessive mortality 
rates among the children of workers, the disruption of family ties, 
and the transforming of children mto instruments of labor But 
there is a constructive side. The part played by women, young 

“ Darwin, The Ongm of Species (D Appleton and Co, 1026), p 60 
* Marx, Letter to Kugelman, Juno 27,1870 

" Malthus had stated (Everyman's Library, II 10) that “It could not 
be expected that women should have resources sufficient to support their own 
children.” 
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persons, and children m the socially organized process of production, 
he writes, “is building the new economic foundation for a higher 
form of the family and of the relation between the sexes ” 

Marx’s ideas on population are a reflection of his wider thoughts 
on the subject of capital It is to be noted that he deliberately cir¬ 
cumscribed his field by proposing a law of population effective in 
the present histone mode of production, m place of a natural law 
applicable to all penods of human existence and to every form of 
social organization Nor did Marx find it necessary to center his 
discussion on the working out of a system of natural checks Thus 
he gives only fleeting notice to a subject that Malthus deals with 
in twenty-one chapters the actual operation of the checks in soci¬ 
ety, from ancient times to the present, in the islands of the South 
Sea, m different parts of Africa, m Switzerland, France, England, 
and other countries The Marxian thesis, being but a detail in 
the completed pattern of his critique of capitalism, is not given the 
commanding position that Malthus gives to the subject It is not 
used as a frame of reference* for adjudicating various moot issues 
in the political and economic fields Nor is it a point of departure 
for an understanding of “the causes that have hitherto impeded the 
progress of mankind toward happirfess ” It is an exposition of the 
problem of the changing numbers of the laboring classes, so far as 
this problem is related to the main tools of his analysis, e g capi¬ 
talistic accumulation, surplus value, and the increased urn' of con¬ 
stant capital m modern industry. 

Though Marx did not ignore natural increase, he bore down with 
special zest on what he regarded as the really important issue in the 
light of actual experience, the labor reserve. This approach neces¬ 
sitated the consideration of the varied factors of supply There was, 
of course, the natural increase stimulated by the abnormal, misery- 
engendenng environment of the proletariat But there were divers 
other influences independent of the instinct of propagation the 
depreciation of labor by machinery, the substitution of women and 
children for adult, male labor, the intensification of work; the ab¬ 
sorption into the proletariat of the lower strata of the middle class; 
the intrusion of capitalistic methods into agriculture; 88 the age 

M The effect of the subjection of agriculture to capitalist production is 
that the demand for an agricultural laboring population falls absolutely without 
the loss being compensated later by a greater attraction Marx, op. at, 1 * 705 
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factor, and “incapacity for adaptation, due to the division of labor ” 
If, as Keynes points out, Malthus’ stress in the later editions of the 
Essay on Population “is on the importance of labor curtailing its sup* 
ply,” this is the answer Though not invulnerable to criticism, it is at 
least challenging Conjoined with other elements of the Marxian 
interpretation, it injects new and unconventional ideas into the field 
of population analysis. 

Watnb University 

Detroit, Michigan 



A DECADE AND A HALF OF AMERICAN 
AGRICULTURAL POLICY 

HARALD S PATTON 

I N NO other period in history has the intervention of national 
governments relative to agriculture been applied so universally 
and to so far-reaching an extent as during the past half-doaen years. 
Although 1933 marked the lowest point in agricultural prices and 
international trade, the succeeding years have witnessed a multipli¬ 
cation and an intensification of governmental controls over national 
agricultural economies What were first undertaken as emergency 
relief measures, under the stress of the world agricultural depression, 
are being converted into more or less consciously conceived programs 
of national agncultural planmng 

In this world-wide movement we find engaged, not only such a 
state as Soviet Russia, with its agncultural collectivization program 
and government monopoly of foreign trade, but also England, the 
traditional home of agncultural laissez faire; not only the war- 
fevered nations of continental Europe, but also the freer-breathing 
countries of Latin Amenca and the Bntish dominions In food- 
deficit nations government policy takes the form of subsidizing 
fanners for expanding acreage and increasing domestic production 
In agncultural-surplus countries governments pay bounties for cur¬ 
tailing acreage and reducing production The same country may 
be found subsidizing exports of certain products and imposing import 
quotas and antidumping penalties on other products 

Although this paper is confined mainly to considerations of recent 
agricultural policy and planning in the United States, such pokey 
must be conceived of as a shifting adjustment to a changed inter¬ 
national economy. It is merely one national segment m a world of 
agricultural controls Our agncultural adjustment program differed 
from governmental measures elsewhere, not m the extent of the con¬ 
trols it established, but rather in the relative belatedness of its in¬ 
troduction, in the greater area over which it was applied, and m 
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expressing the policy of the one country in the world which is both 
a creditor nation and a major agricultural exporting nation 

THE POSTWAR DISEQUILIBRIUM IN AMERICAN AGRICULTURE 

The course of farm-relief legislation during the past decade and 
a half and the evolution of agricultural planning in the United States 
have their roots in the disequilibrium in the American agricultural 
economy arising out of the World War It abruptly reversed a tend¬ 
ency apparent after about 1897 toward a gradual decline in the 
volume of agricultural exports, both absolutely and in relation to 
total production This was a normal reflection of rising population 
and industrialization, and of the passing of free, productive land 
Crop land per capita reached its peak in 1900, and the number of 
livestock per i apita began to decline aftpr 1894 The average acreage 
devoted to production for export during the five years pm eding the 
World War was only 80 per cent of that for the period 1899-1903 

The war period, under the triple stimulus of soaring prices, pa¬ 
triotic “food-will-win-the-war ” appeals, and huge government credits 
to our Kuropean allies, brought about an addition of some 40 million 
acres to the nation’s crop area Wheat acreage alone jumped from 
50 million acres in 1913 to 73 million in 1919 Excluding cotton 
(exports of which declined heavily under reduced textile consump¬ 
tion abroad) the physical volume of United States agricultural ex¬ 
ports m 1918-19 was 155 per cent greater than in 1910-14 With 
Europe’s crop acreage 82 million less in 1920 tlian m prewar years, 
and with Russia, formerly the chief supplier of the food deficiencies 
of northwestern Europe, eliminated as an agricultural exporter, over¬ 
seas supplies were urgently needed for some yeare after the Armistice 
— a requirement which the extension of United States government 
postarmisticc credits to foreign countries, to the amount of some 
three and one-quarter billion dollars, helped to meet. Up to 1923 
the volume of American agricultural exports (excluding cotton) re¬ 
mained at more than double the prewar average The average 
acreage devoted to export production during the four postwar yeare 
(1919-22) was in fact 40 per cent greater than that for the five yeare 
preceding the war 

The war profoundly affected American agriculture in ano ther 
way, by compressing into the span of a few years the conversion of 
the United States from the status of an international debtor to that- 
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of a creditor nation This meant that American agricultural export 
trade was stimulated at a time when it was no longer needed to meet 
a national external debt service It meant, furthermore, that the 
continuance of large-scale exports was dependent on the continuance 
of American lending abroad The great outflow of American private 
capital between 1025 and 1928 served indeed to sustain the outward 
movement of our agricultural products during the later ’twenties, the 
total volume remaining above the prewar level until 1929 

'Huh artificial support afforded by New York underwriters of 
foreign securities served to postpone and eventually to render more 
distressing to American farmers an adjustment in acreage for export 
production which the international agricultural situation indicated 
to the discerning By 1928 agricultural production m the formerly 
belligerent countries of northwestern and central Europe had re¬ 
gained its prewar level, and Russia and the Danubian countries were 
reappearing as agricultural exporters This implied a gradual dis¬ 
appearance of wartime dependence on overseas supplies and a return 
toward the pattern of prewar European agricultural commerce As 
Frangois Delano points out in his Deux Europcs, continental 
Europe as a whole is normally agriculturally self-sufficient, except 
with respect to cotton and ti epical products Furthermore, the war 
and tin 1 postwar capital movements had stimulated agricultural pro¬ 
duction for export in Canada and Southern Hemisphere countries 
to an even greater extent than in the United States Hence, after 
1923 American exports of grains, and milling, packing-house, and 
dairy products declined sharply, and although exports of cotton, 
tobacco, and fruits increased in volume during the cyclical uplift 
of the late ’twenties, price returns to producers generally bore an 
unfavorable relation to prevailing costs and debt charges based on 
wartime capitalisations 

Whether one accepts the agricultural overproduction thesis of 
Timoshenko, 1 or the gold-price theory of Warren and Pearson,* as 
the fundamental explanation of the world agricultural depression, it 
is clear that the export branches of American agriculture were in a 
highly vulnerable position m the late ’twenties, and that the main¬ 
tenance of the war-stimulated expansion of crop acreage long after 

1 Timoshenko, Vladimir, "World Agriculture and the Depression," Mtehtgan 
Bummh Studies, Vol 5, Mo 5 (Ann Arbor, 1933) 

1 Warren, George F, and Pearson, Frank A., Prices (Mew York, 1938) 
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the foreign demand for its surplus production had eased off or been 
made ineffective was indicative of a serious disequilibrium in the 
American agricultural economy 

PHE—NEW DEAL AGRICULTURAL POLICIES 

I have stressed the effects of the war on American agriculture 
because they have lain at the roots of the difficulties of the export 
branches ever since 1923 and because they afford the clue to all the 
relief measures and adjustment programs of the last decade and a 
half The practical problem for every administration Bince Wilson's 
has been to shelter that branch of the American economy which is 
least organised industrially and most exposed to the risks and stress 
of international competition, and to bring it within the scope of the 
American protective and price system 

Harding and Coolidge relied chiefly on the traditional Republican 
instrumentality of the tariff as the agency of protection and of ad¬ 
justment as well Easterners both, they counseled the producers of 
surplus crops to shift to the production of commodities for which 
the nation was on a deficit basis and on which the tariff would be 
effective at whatever level necessary to protect the home market 
Traditional regional production patterns are not readily changed, 
however, by individual farmers, no matter how high the source of 
exhortation, and out of the Com Belt came two rival schemes for 
making the tariff effective on surplus products' The equaluataon-fee 
plan and the export debenture plan The former, of which Hugh 
Johnson and George N. Peek (then associated with the Moline Plow 
Company) were the joint authors, contemplated the application to 
the agricultural export industries of the technique of German in¬ 
dustrial cartels, whereby exports have been subsidised through small 
assessments on each unit marketed by cartel members The Moline 
proposal, congressionally drafted as the McNary-Haugen Bill, sought 
to break the price dependence of agricultural export products upon 
international supply-and-demand conditions by moving into export 
channels such surpluses as would permit the maintenance of tariff- 
enhanced prices upon domestic markets, losses on export sales being 
covered by small equalisation fees levied on each unit marketed or 
processed 

The export debenture plan, based upon the German import cer¬ 
tificate (Etnfuhnchein) system and sponsored by the National Grange, 
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would have entitled exporters of designated agricultural products, 
in crude or processed form, to receive so-called negotiable debentures 
having a value for customs payment purposes equivalent to half the 
tariff duty on each unit of the primary product entering into export 
The plan contemplated, therefore, a diversion of what would other¬ 
wise have been customs revenue into a bonus for exporters, who 
would be expected to be in a position to pay higher prices to farm 
producers of the commodities concerned 

Both these plans sought to make the tariff effective on surplus 
farm products and by indirect means to lift the domestic price above 
the world competitive level, at the expense of consumers or tax 
payers Bills embodying these were thrice killed by presidential 
vetoes, mainly on the declared ground that to the extent that they 
might be successful in price elevation they would serve to stimulate 
greater production of surplus products and thus aggravate the basic 
maladjustment in the American agricultural economy 

The Agricultural Marketing Act of 1929 — President Hoover’s 
companion piece to the exalted agricultural schedule in the Hawley- 
Smoot Tariff Act — embodied most of the provisions of the later 
Congressional versions of the McNary-Haugen plan, except its dis¬ 
tinctive equahsation-fee feature -A Federal Farm Board, with its 
half-bilhon-dollar revolving loan fund, its commodity advisory coun¬ 
cils, its loans to nationally organized cooperatives and emergency 
stabilisation corporations — all these were features common to both 
measures The Farm Board Act thus sought to increase farmers’ 
returns through creating a nation-wide producer-controlled, but 
government-financed, commodity-marketing machinery which it was 
hoped, in the language of the act, might “stabilize the currents of 
interstate and foreign commerce m the marketing of agricultural 
products ’’ The Farm Board had hardly been created before prices 
of agricultural staples in world markets entered upon the first abrupt 
descent that eventually earned most of them to the lowest levels m 
trade history. Under these conditions the emergency stabilization 
provisions of the act were invoked with respect to wheat and cotton 
During the accumulation phase of the cash and future holdings of 
the grain- and cotton-stabilisation corporations, domestic pnees were 
substantially lifted above world competitive levels, but exports them¬ 
selves were dammed back, and the Farm Board entered its fourth 
year with holdings of, or loan commitments on, 108 million bushels 
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of wheat and over 3 million bales of cotton Its operations had 
cushioned the shock of catastrophic deflation for farmers, middlemen, 
processors, and their bank creditors But the enforced cessation of 
its market support, as its revolving fund became depleted or im¬ 
mobilized, made the problem of eventual liquidation all the more 
formidable 

Fervid appeals earned by Board members to producers m the 
wheat and cotton states to curtail their acreage proved of slight 
avail The harvested wheat acreage m 1032, despite some reduc¬ 
tion from the 1930 level of 62,600,000 a( res, wor still greater than 
that of 1926, cotton acreage under cultivation in 1933 was 4| million 
above that of 1932, while the harvested acreage of corn in 1932 was 
more than 10 million greater than in 1929 This situation demon¬ 
strated the fact that farmers, when burdened by fixed debt and tax 
charges and falling prices for their products, are under pressure, as 
individuals, to increase their cash income and to reduce unit costs 
by expanding the output of the farm plant The Farm Board, m 
its second annual report, recognized the futility of its task in these 
significant observations 

If producers fail or are unable to readjust production in the light of the 
economic outlook, Htabilistation can only hold back, rather than hasten the needed 
adjustments It is without effet t to make appeals on what American farm¬ 

ing might do if it were all organized as a single unit, for it is not so organised 
Until farmers are organized for production planning it is useless to expect them 
to act as if they were 

THE AGRICULTURAL ADJUSTMENT PROORAM 

This epitaph of the Federal Farm Board may be regarded as the 
birth notice of the New Deal agricultural adjustment program As¬ 
suming a direct commodity attack — in contrast to, or rather in 
conjunction with, the indirect general price-level attack through t.he 
Government's gold policy — the AAA sought to elevate market prices 
through acreage reduction in “basic commodities” and to compensate 
fanners for curtailed volume by substantial contractual benefit pay¬ 
ments As the first administrator, G N Peek, put it, the program 
involved an attack “at the grass roots ” Despite its voluntary 
character and its administrative difficulties it did prove effective 
in procunng some 3,700,000 production-control contracts by the end 
of 1934, and m bringing about a net reduction of some 34 million 
acres m the area planted to wheat, com, cotton, and tobacco The 
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world carry-over cf American cotton, which amounted to the record 
figure of 12,960,000 bales on August 1, 1932, had been reduced to 
9,000,000 bales at the beginning of the 1935 harvest Stocks of 
American wheat, which stood at 360,000,000 bushels on July 1,1932, 
had been brought down, through acreage reduction and drought, to 
a normal level of 157,000,000 bushels by July, 1935 Under the joint 
influence of adjustment programs, dollar devaluation, drought, and 
industrial recovery the combined index of prices received by farmers 
for their products rose from 55 jier cent of the prpwar (1909-14) 
average in March, 1933, to 111 per cent in February, 1935, thus 
doubling within two years The price index number of cotton and 
cottonseed in January, 1936, was 214 per cent of the 1933 low, and 
that of the grains group 265 per cent The declared objective of 
restoring the purchasing power of farm products to their prewar 
parity, of which the index in March, 1933, was only 55 per cent, has 
been realized to the extent of 89 per cent of the goal It would thus 
appear that, so far as the rehabilitation of American agriculture is a 
matter of surplus elimination, retirement of acreage for export pro¬ 
duction, and price restoration, the basic adjustment has been sub¬ 
stantially achieved 

Whilp the agricultural adjustment program has been only one 
factor, and perhaps not the major factor, in this accomplishment, 
the administration of this particular fonn of agricultural planning 
has given nee to new problems and created or called attention to 
other maladjustments in the agricultural economy Certain lessons 
may be drawn from AAA experience which have a significant relation 
to the newly promulgated substitute measure, the Soil Conservation 
and Domestic Allotment Act 

THE EXPERIENCE IN PRODUCTION CONTROL 

Although the generous scale of benefit and rental payments offered 
under the various adjustment programs for “basic comifiodities” was 
effective m winning the participation of a remarkably high percent¬ 
age of producers and acreage (especially of cotton and tobacco), the 
voluntary nature of the plan involved the likelihood that any re¬ 
sulting price advance would serve to stimulate increased planting or 
intensification of cultivation by noncontracting producers In fact, 
while the first wheat “sign-up” campaign resulted in 12 per cent 
of the base acreage being contracted out of cultivation, the net 
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reduction proved to be only 8 per cent It was experience of this 
tendency that led to the passing m 1934 of the compulsory Bank- 
head Cotton Control Act and the Kerr-Smith Tobacco Control Act, 
under which maximum tax-free marketing quotas were established 
for all producers, deliveries not accompanied by such tax-exemption 
certificates being subject to high penalty taxes The same principle 
was applied in the more drastic Warren Potato Marketing Act of 
1935, in which the penalty system was unaccompanied by benefit 
payments Here was demonstrated the tendency for voluntary 
schemes to be converted into compulsory plans All three of these 
measures were revoked by the President after the Hoosae Mills 
decision of the Supreme Court 

A second lesson from AAA experience has been that acreago 
control, however inclusive, does not in itself assure control of supply 
Not only may cultivation be intensified on reduced acreage (the 
poorer-yielding acres being those most likely to be retired), but 
uncontrollable Nature exercised a dominating hand in yield deter¬ 
mination The AAA, for example, “planned” a wheat crop m 1934 
of 775 million bushels, based on “average yields ” The drought 
reduced the yield to less than 500 million bushels, and resulted m a 
net import of wheat m the ensuing twelve months. The AAA 
reacted to the drought situation by removing restrictions on fall 
wheat plantings and in the 1936 wheat contracts agreed to continue 
benefits to farmers who did not exceed their base acreage Inci¬ 
dentally, AAA contracts proved a form of crop insurance to drought- 
stricken fanners, smee they received their benefit payments even 
though they had no crop to market The drought expenence served, 
however, to emphasize the social utility of surplus stocks of agn- 
cultural products as emergency reserves for the nation, and was 
reflected in Secretary Wallace’s “ever-normal granary plan,” which 
contemplated the making of loans to producers on surplus stocks 
held in sealed granaries or in warehouses, with the assurance that 
any advance m market value under short-crop conditions would 
accrue to the producer as equity holder. 

A manifest defect of the AAA production-control plan lay in 
the blanket character of at least its earlier reduction contracts. The 
same percentage of reduction from base acreage was called for, 
regardless of the location or the fertility of the land, of whether the 
crop in question was a single crop or a rotation crop, of whether 
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it was grown in a high-cost or a low-cost area, of whether the 
producer was an owner, a tenant, or a share-cropper While this 
feature was perhaps inevitable in an emergency program, it was in 
itself inconsistent with the idea of true adjustment, since it served 
to “freeze” past land-utilization records as a vested interest and 
failed to discriminate between fanners who had already made adjust¬ 
ments and those who persisted m single-cropping practices AAA 
leaders have been quite aware of this defect, and later contracts 
have provided for more flexible bases and optional benefit plans 
This very effort, however, to “adjust adjustment” served to make 
administration almost hopelessly complicated 

A further lesson from AAA experience has been its effect on 
American agncultural export trade Its very success in elevating 
pnces has reacted adversely to such trade, despite the cheapening 
of the dollar in terms of foreign currencies Cotton exports, which 
averaged 8,730,000 bales m 1932 and 1933, during the depth of the 
depression, have been reduced to an average of only 5,800,000 annu¬ 
ally during the two full years of AAA activity, 1934 and 1935 While 
the shrinkage in 1934 is partly accounted for by the previous accu¬ 
mulations of American cotton stocks abroad, this country's relative 
share of world cotton export trade has declined significantly It is 
interesting to observe that, though the United States is subsidizing 
the diversion of cotton acreage to other uses, Brazil and Argentina 
are seeking to diversify their respective agricultures by encouraging 
cotton growing, and Liverpool has introduced a cotton-futures con¬ 
tract permitting deliveries of Brazilian and Argentine cotton Amer¬ 
ican exports of leaf tobacco in 1935 amounted to 381 million pounds, 
compared to an average of 532 million pougds in 1939-31 Exports 
of lard were only a twelfth of what they had been m 1932 and 1933, 
while wheat has been on a net import basis during the last two years 
Such exports of American wheat and flour as have moved out have 
for the most part been made possible only by virtue of export boun¬ 
ties under the Portland Wheat Agreement, involving an average 
subsidy to exporters of 23 cents a bushel derived from processing 
tax funds. It is significant that the amendments last year to the 
Agncultural Adjustment Act included a provision authorising the 
employment of up to 30 per cent of customs revenue for the purpose 
(in part) of encouraging the exportation of agricultural produets by 
indemnifying exporters for losses incurred therein. Here we find 
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the principle of the export debenture plan grafted upon the Agri¬ 
cultural Adjustment Act 

FROM EMERGENCY ADJUSTMENT TO LONG-TIME PLANNING 

Although the invalidation by the Supreme Court of the tax-sup¬ 
ported production-control features of the Agricultural Adjustment 
Act was based on constitutional rather than on economic consider¬ 
ations, and although its mlmgs further upset the administration’s 
budgetary calculation, the action of the nation’s high tribunal was 
both timely and m the best interests of national agricultural planning 
itself The Adjustment Act of 1933, reinforced by the great drought 
of 1934, had essentially accomplished its emergency purpose of 
surplus removal and farm price restoration Processing taxes for 
benefit payments to farmers, when farm prices were palpably below 
the deflated production costs of even efficient producers, had a 
substantial measure of social justification The restoration of farm¬ 
purchasing, debt-, and tax-paying power was in the interests of 
farm creditors, industry, and local governments, as well as of farm 
families themselves But contmuanec of such taxes, with parity 
levels substantially restored, in order to finance contractual pay¬ 
ments, involved a burden on consumers no longer warranted by the 
price situation It was a burden, moreover, which fell to a consider¬ 
able extent on agriculture itself, for farmers, it is estimated, are 
themselves the consumers of about 40 per cent of what is produced 
on the nation’s farms As noted above, the adjustment program 
was inducing new maladjustments and becommg administratively 
unworkable, and AAA leaders were themselves moving toward a 
simpler, more permanent, and more economically justifiable plan 
The Supreme Court, therefore, rendered a service to all concerned, 
in sweeping away at a judicial stroke the tax and commodity con¬ 
tract structure, instead of leaving the act to piecemeal Congressional 
amendment and compromise 

Although the substitute Soil Conservation and Domestic Allot¬ 
ment Act has been characterized as an ingenious device for contin¬ 
uing benefit payments to farmers and for perpetuating the AAA 
bureaucracy, it is by no means an impromptu measure, but repre¬ 
sents rather the crystallization of plans which had been shaping for 
some time in the Land Planning Division of the AAA. It is Instruc¬ 
tive to note the shifts in policy, emphasis, and method between the 
acts of 1933 and 1936. 
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1 From surplus removal to “balanced abundance ” 

The immediate problem confronting the AAA in 1933 was the 
elimination of price-devastating surpluses Hence the first crude 
cotton “plow-up” campaign and pig massacres, and the concentra¬ 
tion on acreage retirement The great drought, consumer com¬ 
plaints, and mounting agricultural imports (food imports in 1935 
were nearly three times the value of food exports) compelled real¬ 
ization of the social utility of adequate food and feed reserves 
Thus in the declaratory section of the new act it is stated signifi¬ 
cantly that “due regard shall he given to the maintenance of a 
continuous and stable supply of agricultural products adequate to 
meet consumer demand at prices fair to both producers and con¬ 
sumers, and the powers conferred upon the Secretary of Agnculture 
shall not be used to discourage the production of supplies of food 
and fibers sufficient to maintain normal domestic human consump¬ 
tion,” as based on the period 1920- 29 Here is to be discerned a 
shift from the economy of scarcity to the economy of balanced 
abundance 


2 From acreage retirement to soil conservation 

It was recognized by AAA leaders at the outset that retirement 
of acreage from surplus crops must be accompanied by some control 
over the use of such “contracted” acreage, lest it lead to the “unbal¬ 
ancing” of some other crop Hence the first wheat and com con¬ 
tracts stipulated that such land could be used only “for planting 
additional permanent pasture, for soil-improving and erosion-pre¬ 
venting crops not to be harvested, resting or fallowing the land, 
for weed eradication, or for planting farm woodlots ” The cotton 
and tobacco contracts, in the interests of greater diversification and 
higher living standards for Southern cultivators, also permitted the 
use of contracted acreage for food and feed crops fdr home con¬ 
sumption. The Replacement Crops Section of AAA estimated, on 
the basis of cross-section surveys, that of the 30 million acres with¬ 
drawn from basic crop reduction m 1934 about one third were put 
mto pasture or meadow crops, another third used for drought 
emergency forage crops, or for food and feed crops for home use, 
and the remainder either planted to farm woodlots, fallowed, or left 
idle. 
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The devastating drought and dust storms of 1934 and the revela¬ 
tions of the newly created Soil Erosion Service (which estimates 
that 60 million acres have been permanently ruined for crop use by 
water and wind erosion, with another 60 million acres approaching 
that condition) have been perhaps timely reminders that crop Bur- 
pluses are not the greatest evil affecting American agriculture 
Along with this has come a new appreciation of Henry Carey’s 
warning that a nation specializing in the exportation of cash crops 
is, m effect, exporting its soil fertility When export prices become 
conspicuously unremunerativc, there no longer exists even a pecuni¬ 
ary compensation to the farmer for such depletion of his soil resources 

Under the new act the replacement crops program, which had 
hitherto been merely incidental to acreage retirement, now becomes 
the major objective The declared policy is restated as “the pres¬ 
ervation and improvement of soil fertility, the promotion of the 
economic use and conservation of land, the diminution of exploita¬ 
tion and wasteful and unscientific use of national soil resources ” 
Farmers arc henceforth to be compensated, not directly for the crop 
land they retire, but for the acreage they add in the form of soil- 
restoring pasture, leguminous crops, woodlots, etc., and for other 
approved practices in the interests of conservation 

S From commodity control to regional land-use adjustment 

The 1933 act had listed seven “basic commodities” to which 
adjustment contracts and benefit payments might be applied, 
namely, wheat, cotton, corn, hogs, tobacco, riee, and milk and its 
products Sectional interests, fears that retirement of land from 
production of these commodities would lead to expanded output 
of other products, and demands to extend the scope of benefit 
payments had led to the addition, through successive amendments 
of the act, of ten other products (including such items bb peanuts 
and gram Borghums) to the list of so-called banc commodities 
This meant that the same farmer might be a signatory to a plurality 
of contracts, answerable to various county allotment committees and 
AAA commodity sections Apart from the administrative compli¬ 
cations, the system involved an unbalancing of individual farm 
enterprises and regional dislocations For a year or more before the 
Supreme Court ruling AAA officials had been working on a plan of 
blanket contracts covering a farmer's total crop acreage and had 



271 


American Agricultural Policy 

already moved toward a program of Betting up continuing county agri¬ 
cultural adjustment planning committees composed of farmers The 
new act and the administrative Bteps so far taken thereunder are m 
accordance with this more inclusive and permanent plan The 
country has been zoned into five major agricultural regions, and the 
former directors of commodity divisions have been converted into 
regional directors. Preliminary regional conferences point to a pro¬ 
gram under which the ratio that each participating farmer’s acreage 
in “soil-depleting crops” bears to his acreage in pasture and “soil- 
conserving crops” will be compared with a regionally determined 
base To the extent that he changes his farm management practices 
to increase the proportion of the latter, or to the extent that he 
already exceeds the base ratio, he is to share in the new scale of 
benefit payments Performance will thus be gauged, not in termB 
of retirement of acreage from specific crop use, but in terms of good 
farm-management practice as determined for the farmer’s particular 
area Here is to be discerned a return to the original purposes of 
the United States Department of Agriculture and the land-grant 
colleges, but with the added features of established “yardsticks” of 
performance and of pecuniary reward 

4 From centralisation to state and local co&peration 

The Supreme Court’s finding that the Agricultural Adjustment 
Act involved an unwarranted invasion of state rights and powers by 
the federal authority has made obligatory and immediate a shift m 
federal-state administrative relations toward which the adjustment 
program was already tending in spirit, consultation, and cooperation. 
In contrast to the industrial recovery program, for which an inde¬ 
pendent administration had to be hastily improvised de novo, the 
agricultural recovery program had the conspicuous advantage of 
being fitted into the existing system of cooperating agricultural agen¬ 
cies, extending from the bureaus of the United States* Department 
of Agriculture through the forty-eight state land-grant colleges, 
with their federally subsidised experiment stations and extension 
divisions, out to the army of county agricultural agents contacting 
farmers directly throughout the nation. The Supremo Court verdict 
has, therefore, created no such chaos in the agricultural adjustment 
program as it did with respect to MBA It has merely involved a 
shift in the relationship of federal and state agencies. 



272 


Harold 8. Patton 


Direct contracts between fanners and the Secretary of Agnculture 
now give place to applications by fanners to become members of 
county soil-conservation associations, and direct AAA benefit cheeks 
to contract signers are replaced by federal allotments to states, 
financed by general taxes, and distnbuted to farmers through the 
appropnate state agencies, on the basis of land-use performance in 
accordance with locally established and federally approved stand¬ 
ards This transitional arrangement is to continue to the end of 
1937, after which federal grants will be made only to BtateB which 
submit programs of their own that are approved by the Secretary of 
Agriculture as m accordance with the act 

The new act, it thus appears, is not a mere circumvention 
of the Supreme Court’s arbitrament, but represents, significantly, 
a definite transition from an emergency program to a more per¬ 
manent program of national agricultural planning It embodies a 
realization that nature as well as markets has to be reckoned with, 
and that good farming and scientific use of land afford the best 
assurances of enduring agricultural prosperity in a nation But it 
also recognizes that individual farmers, burdened by debt and con¬ 
fronted with low prices, are under pressure to exploit their soil, 
since they lack the resources, even if they possessed the knowledge 
and the desire, to finance the necessary changes m farm practice 
and to await the deferred returns from diverting cash-crop land into 
soil-preserving uses Hence the provision for benefit payments to 
compensate farmers for the additional costs involved in such transi¬ 
tion and for foregoing the lash returns that might be realised from 
continued cropping An obvious problem arises, however, in the 
dispensation of these payments They are most necessary, perhaps, 
in those areas where water and wind erosion have wrought the 
greatest havoc, where soil practice has been most wasteful, and 
where crops have been chiefly produced for an export market that 
appears to have definitely contracted On the other hand, those 
states whose agriculture is on a domestic basis and in which more 
balanced, scientific farming practices prevail are not disposed to 
forego their share of federal benefits Thus the preliminary regional 
conferences point to a plan under which a higher scale of benefits 
will be paid to farmers who raise the ratio of their land m pasture 
and leguminous crops toward the locally established level, and a 
smaller range of payments for those who already exceed such per* 
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centagc Sectional conflicts will undoubtedly arise on this issue, 
and much ingenuity and compromise will be needed to devise work¬ 
able formulas for different states and localities 

Despite certain manifest defects and limitations the agricultural 
adjustment programs have eased and aided the fundamental and 
long-overdue adjustment which the upheaval induced by the World 
War had called for and which the world depression made imperative 
They have helped American fanners to cooperate both industrially 
and regionally in a changing economic society wherein agriculture 
had become almost the sole remaining sphere in which individualism 
and unregulated competition held sway In the future foreign trade 
may be expected to play a smaller part relatively in the American 
agncultural economy, and it will probably continue to be accom¬ 
panied by some application of export bounties and import quotas m 
the interests of price stability Direct benefit payments should 
disappear as adjustment proceeds, but planned marketing, planned 
production, and planned land use arc developments to which the 
events of the last decade and a half, as reviewed above, appear to 
give institutional significance And in this more balanced arrange¬ 
ment the interests of agriculture need not be at variance with the 
interests of society at large 

Michigan State College 
East Lansing, Michigan 




SOME RESUPINATE POLYPORES FROM THE 
REGION OF THE GREAT LAKES. VIII 

DOW V BAXTER 

T HE title of this senes of papers implies that the monographs 
are written primarily on material within the confines of the 
region of the Great Lakes The design for the study, however, has 
been to formulate as complete a record of the group as is feasible 
at this time This necessitates, therefore, a study of material from 
all possible forest types from other regions of the continent as well as 
from the timberlands within the country bordering the Great Lakes. 
Many of these collections from North America have been compared 
with type specimens here and also with those found in the larger 
herbana of Europe. 1 

Descriptions of six resupinate species are presented in this paper 
and, in addition, the characteristics of nineteen brown polypores 
in culture are discussed. The majority of these plants were collected 
over a wide territory, ranging from the white spruce forests of in¬ 
terior Alaska and the Yukon to the hardwoods of Georgia, South 
Carolina, and Florida. Cultures obtained from the same fungi on 
many different woods and ranges offer opportunity to compare the 
varying effects of geographical distribution and substrata upon the 
growth of the plants. Rate of growth and other differences in cul¬ 
ture are to be observed in some of these The following resupinate 
polypores, the majority of which are reported in culture for the first 
time, are added to this study: * 

t Throughout the work upon these monographic studies I am Indebted to 
many Individuals and institutions for help, suggestions, and privileges extended to 
me. My appreciation la e xp r e ss e d particularly to Professors T O. HaDe and Gun¬ 
ner Samudeon of the Naturhistoriska Riksmuadet in Stockholm, with whom I 
have had the pleasure of association I am under obligation to several American 
institutions and soholam also; to the authorities at the New York Botanical 
Garden and to those of the Division of Pathologioal Collections of the United 
States Department of Agriculture I am particularly indebted. 

* The terms used in this classification are defined in Papers V-VI of this series, 
aa eited at the end of this article. 
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A RATE OF GROWTH 
Rapid growth 


Porta ambtgua on Nyssa hi flora from 
Stark, Florida 

Slow growth 


Polyporus glomeratus? on Quercus laun- 
folta from Ocala National Forest, 
Florida 

Formixptma flavomarginata } Strain E, 
on Quercus nigra fiom Walterboro, 
South Carolina 

Porta punctata on Rhus vermx from 
Whitmore Lake, Michigan 

Fomitipona Ear If or, Strum J, on Nyssa 
btflora from Osceola National Forest, 
Florida 


Fomitipona Earleae, Strain If, on 
Liquuiambar styraciflua from Kmgs- 
land, Georgia 

Fomitipona dryophila on Quercus sp 
from Ocala National Forest, Florida 


B RANGE OF TEMPERATURE FOR GROWTH 
Large range 


Polyporus glomeratus? on Quercus laun - 
folia from Ocala National Forest, 
Florida 

Fomitipona flavomarginata , Strain E, 
on Quercus nigra from Walterboro, 
South Carolina 

Pona punctata on Rhus vemix from 
Whitmore Lake, Michigan 

Fomitipona Earleae , Strain I, on Nyssa 
btflora from Osceola National Forest, 
Florida 


Fomitipona Earleae , Strain IT, on 
Liquuiambar styraciflua from Kings- 
land, Georgia 

Fomitipona dryophila on Quercus sp 
from Ocala National Forest, Honda 

Pona ambtgua on Nyssa btflora from 
Stark, Flonda 


C TEMPERATURE FOR BEST GROWTH 
High temperature 


iomUtporta Earleae, Strain II, on 
Ltquidambar styraciflua from Kings- 
land, Georgia 

Fomitipona dryophila on Quercus sp 
from Ocala National Forest, Florida 

Fomitipona flavomarginata , Strain E, 
on Quercus nigra from Walterboro, 
South Carolina 


Polyporus glormratmf on Quercus laun- 
folia from Ocala National Forest, 
Florida 

Porta ambtgua on Nyssa btflora from 
Stark, Florida 


Average temperature 

Pona punctata on Rhus vemix from 
Whitmore Lake, Michigan 
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D EFFECT OF LIGHT 
Bert growth t n dark 


Fomxtxpona dryopkda on Quercue sp 
from Ocala National Forest, Florida 

Fomtltporta Earleae , Strain 1, on Nyssa 
btflora from Osceola National Forest, 
Florida 

Fomxtxpona Earleae, Strain II, on 
Ltquxdambar rtyracijlua from King»- 
land, Georgia 

Equal growth t 

Porta ambxgua on 
Stark, Florida 


Porta punctata on Rhus vemtx from 
Whitmore Lake, Michigan 

Polyporus glomeratust on Quercua laurt - 
folia from Oi ala National Forest, 
Florida 

Fomitipona flavomargtnala, Strain E, 
on Quercua nigra Walterboro, South 
Carolina 

t light and dark 
Nysaa btflora from 


Data on color characteristics, texture, effect upon the agar 
medium, and the rate of growth m the light and the dark have al¬ 
ready been presented for many resupinate polypores in this senes 
of papers (1-3) The problem of distinguishing the resupinate poly¬ 
pores in culture becomes complex, however, because the features 
desenbed for young cultures change with age In fact, many dis¬ 
tinctive growth forms appear in thirty-five-week-old liter flask cul¬ 
tures, but do not appear at all when the fungus is grown in small 
tubes or petn dishes for short periods of one or two or even four 
weeks For this reason, descriptions of old liter-flask cultures are 
to be presented with the species desenbed These may be con¬ 
trasted with those presented for the two-week-old cultures recorded 
in Table I Differences in age, temperature, type, and amount of 
substrata, moisture, and light can produce variations in cultures 
of these resupinate polypores that are just as significant and con¬ 
fusing as those changes which are caused in the fruit bodies them¬ 
selves by modified natural environments (See Pis XXXI-XXXII) 
Furthermore, it is believed that, when a large number of cultures of 
many species are compared, broad lines of distinction“between cer¬ 
tain species and groups of other species can be observed The growth 
features of nineteen additional plants are presented in Table I 
Though such variations complicate the possibilities of determining 
with accuracy the identity of the causal organism for certain rots 
when the mycelium is isolated from wood, it is held that characters 
obtained in culture can be used as supplementary to the morphological 
features of the fruiting body itself 
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TABLE I (Concluded) 

Growth Characteristics of Brown Polypores on Malt Agar 
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The species which are most difficult to separate from one another 
on a morphological basis are contrasted in the following key 1 

1 Ten-month liter flask cultures exhibiting orustlike areas which arc pre¬ 
dominately hematite red Fomttxpona Earleae 

(Strains I and II) 

1 Ten-month liter flask cultures not exhibiting crusthke areas and hema¬ 

tite red not conspicuous , 2 

2 OJd mycelium turning black or blackish and becoming a conspicuous 

part of the culture, overgrown with cottony areas of buff-colored 
mycelium, irregular black lines very prominent, le growing all over 
face of culture Fomtltporella flandana 

2 Old mycelium not turning blackish over largo portion of culture, and 

such parts not overgrown with buff-colored mycelium, black lines pres¬ 
ent or absent, but, if present, not appearing extensively all over culture 3 

3 Mycelium distinctly whitish buff (not definitely brown) and exhibiting 

thick masses of mycelium in cultures Porta pereffusa 

3 Mycelium distinctly brown, not whitish or buff, and growth not forming 

thick masses of mycelium in culture 4 

4 Mycelium becoming chocolate-brown, seldom exhibiting black lines 

Porta prunxcota 

X Mycelium yellow-brown, black lines present 5 

5 Nodulose or cottony 6 

5 Not nodulose or cottony, or, if cottony, exhibiting concentnc-nng growth, 

resin drops conspicuous Fomttxpona dryophtla 

0 Cottony to nodulose, mostly nodulose, fine black lines present, rosin 

drops often present Fomttxpona flavomarginata 

6 Cottony to floccose, thick, blood-red to black lines present (not abun¬ 

dant throughout and over cultures as in FomthporeUa flandana) t 
resin drops usually not present Porta punctata 

The terms used in this study are defined or explained as follows 

Arachnoid — Cobwebby in appearance The term is used of mycelium consisting 
of intertangled hyphae which are not thick or matted 
Black or brown lines — Distinct black or brown lines which appear on the surface 
or at the edges of a culture 

Cerebnform — Applied to a folded and lobed form of growth on a medium 
Concentno-nng growth — An uneven growth of mycelium m a culture that appears 
in the form of circles 

Cottony — Describes mycelium that is erect and intertwined into a thick mass 
of short fibrous threads that resemble cotton 
Crusthke — Applied to a growth which becomes hardened and in the woody 
forms assumes the appearance of the margins of the fruiting bodies 
Darkening of the agar — No definite brown or black lines formed w culture, but 
the entire medium becomes notioeably darkened because of the fungus 
Definite border — A distinct growth of myoelium at the margin of the culture 
that is distinguishable from the rest of the myoelium by color or by texture 

1 In a later paper I shall revise the generic names used here 
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Exudation* — Colorless or resin-like liquid drops which appear on the surface 
of a culture 

Flocco&e — Woolly The term is applied to long threads of mycelium, erect and 
intertwined into a mass of fibers that resemble wool 

Indefinite border — No distinct growth of hyphac at the margin of a culture that 
can be separated from the rest of the mycelium by color or by texture 

Medium growth — Growth, approximating 5 mm in thickness, of the mycelium 
over the surface of the agar 

Nodulose — Describes the more or less rounded masses or lumps of interwoven 
mycelium that characterise a culture 

Radiating — Applied to mycelium in the form of rays, usually extending out or 
part way out to the margin from the point of an inoculum Not used here to 
describe the type of marginal growth 

Radiating fans — Mycelium extending out from the margin w the form of fans 
The term describes the marginal growth of a culture 

Silky —Describes the fine, parallel threads of the mycelium, ordinarily ap- 
pressed or prostrate, on the surface of the agar 

Thick growth — Growth, approximating 10-15 mm in thickness, of the mycelium 
over the surface of the agar 

Thin growth —Growth, approximating 2 mm in thickness, of the mycelium over 
the surface of the agar 


Fomitiporia dryophila Murr., N. Am. Flora, 9.8. 1907. 

(Plate XXXIII) 

Type and important specimens 

Fomitiporia dryophila Murr on live oak stump, Bade Bay, Mississippi Leg 
Esther S Earle, 1004 Herb New York Botanical Garden 

Fomitiporia dryophila Murr on Querctu ip , Coll Dow V Baxter Ocala National 
Forest, Florida Herb Dow V Baxter, Ann Arbor 

Fructification perennial, effused-resupinate or in patches or appear¬ 
ing in semiresupinate forms on dead standing trees or on logs, 
inseparable, up to 4 cm thick; margin obtuse, at first “8ayal 
brown” becoming "drab-gray,” "benso brown,” or blackish with 
age, context woody, “Sayal brown,” somewhat glistening; tubes 
2 to 10 mm. long each season and usually distinctly stratified 
and sometimes separate from each other upon breaking open 
the fruit body; mouths at first, or m early stages of develop¬ 
ment of the fructification, "honey-yellow” or "Isabella” color 
(and in this state thm specimens match the type of Fomitiporia 
Earleae), becoming "Sayal brown” to "snuff-brown,” refracting 
light and often appearing lighter, 4-6 to a mm.; dissepiments 
thick; spores subglobose or globose, 5 6 X 5.5 p\ hyphac fer¬ 
ruginous, 3-4 /*; cystidia none The color of the context will 
readily separate it from F (Porta) prumccla. Differences in 
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the cultures of these two plants are also striking The mycelium 
has the chocolate-brown of F (Porta) prumeola, whereas that 
of F dryophtla is greenish yellow. 

Allied species — F dryophtla is closely allied to Porta punctata, but 
typical specimens differ from that species m habit of growth 
There is a more pronounced tendency for the fructifications to 
become ungulate than is usual in the latter fungus In thiB 
respect one is reminded of the habit of growth of Fames fulvus 
Fruit bodies of F dryophtla suggest immature fructifications of 
F. Baken (as to shape) m formation. The hymemum of F 
dryophtla, as well as the context, is distinct from that of P 
punctata in that it is more glistening and tends to be more golden 
In specimens of F dryophtla the mouths of the tubes are often 
less gray in mass than they are in P punctata Frequently 
there is evident in the hymemum of F dryophtla a convex habit 
of growth that has not been observed m P punctata This last 
feature is not to be found, however, m all specimens. But 
since these characters are relative they are to be considered use¬ 
ful only as being supplementary to the distinctions displayed by 
the cultures themselves Differences exhibited by the cultures 
of these two species are discussed under F Earleae 

Cultures — Isolated from Quercus sp , Ocala National Forest, Florida. 
This fungus belongs to the “slow-growth” group of resupinate 
polypores and is also classed m both the “large-range” and the 
" high-temperature ” categories At first the hyphae of F dryo¬ 
phtla are mostly appressed in culture and silky. The mycelium 
becomes chamois-like in texture, but distinctly not floccose, as 
is that of F. Earleae, Strain I. Exudations and black-line forma¬ 
tions appear to such an extent (in one-month-old cultures) that 
the fungus suggests a decided relationship to the very distinc¬ 
tive cultures of F. (Porta) tnermts. Compare flate XXXI, 
Figures 1-3, for growth characteristics of these fungi and P punc¬ 
tata. 

Remarks —Striking morphological distinctions between the ma¬ 
jority of the members of the genus Fomitiporia do not exist, 
and many of the described differences are not retained m speci¬ 
mens of the same plant at different stages of maturity. Since 
the southern species which belong to this group are particularly 
difficult to determine, numerous collections have been gathered 
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m the South and attempts have been made to collect material 
in all stages of development Cultures have been prepared from 
these specimens, and the plants themselves have been compared 
with the types 

Although many of these resupinate polypores are similar mac- 
roscopically and structurally to the types, such notable and 
obvious differences in their appearance and in other features of 
growth in culture have appeared that they must be kept separate 
Rather than separate these 1 as new species, the different cul¬ 
tures which were obtained from various collections and which 
demonstrate themselves to be distinct are termed “strains ” The 
use of this term should not be confusing since “physiological 
race” or “physiological form” is commonly used to designate 
plants which are parasitic in their nature (Compare F dryophila 
m culture with F Earleae , Strain I and Strain II) 

Fomiitpona Earhae Murr, N Am Flora, 9 9 1907 

(Plate XXXIV, Fig 1 Plate XXXVI) 

Type and important specimens 

Fomtttporta Earleae on oak, Biloxi, Mississippi Esther S Earle, 1004 Herb 
New York Botanical Garden 

Fomtttporta Earleae on Nyssa Inflora, Strain I Ocala National Forest, Florida 
Herb Dow V Baxter, Ann Arbor 

Fomiitpona Earleae on Ltqutdambar styractflua, Strain II Kingsland, Georgia 
Herb Dow V Baxter, Ann Arbor 

Fructification woody, in subcircular or elongate patches up to 1 5 
cm long, and on the bark of logs for a distance of 1 meter or 
more, or appearing as somewhat ungulate and in this form sug¬ 
gesting that of F dryophtla, but in such specimens the hymemum 
appearing in more or less subcircular or irregular patches over 
the old growth; margin thm, adnate, sterile at first, “Sayal 
brown,” but the border of the fructification turning (old tube 
layers) red, or blackish red, “army brown” or “seal-brown,” 
to black, becoming resinous or waxy in appearance, tubes 2-5 mm 
long each season, mouths 5-6 to a mm, “tawny olive,” refract¬ 
ing the light; dissepiments thick, spores globose, smooth, hyaline, 
5 X 5 p; mature hyphae thick-walled, mostly 2-3 p in diameter, 
hyphae stuffing the tubes hyaline to ferruginous, much branched; 
cystidia none but sometimes hyphal pegs are present. 
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Allied species — F Earleae is so closely related to both F dryophtla 
that it is essential to have material which illustrates the character 
of the marginal or border portions of the fructification of mature 
specimens if one is to separate the two plants without matching 
or comparing cultures of the unknown with those of known 
identity In F Earleae the border portions of the fruit, body 
(not exhibited in one of the specimens of the type collection, 
but to be observed in another plant of the same collection) be¬ 
come waxy or somewhat resinous, as is to be observed in the 
margin of typical specimens of Forties ptmcola on hemlock In 
F dryophtla the border growth or surface of the more ungulate 
forms is dull, as in fruit bodies of Fomes Baken, or if resinous 
toward the margin, they present the same dull appearance at 
the back, nearest the substratum 

The type of border growth of mature plants in exceedingly 
important, and its significance is increased, since in both Strain I 
and Strain II here described there is a tendency for a dark red 
(haematite red), crusthke formation to appear in old cultures of 
these two fungi This crust becomes dull red or blackish red 
m old cultures (8 to 10 months) and is suggestive of the dark 
black-red border to be found in mature fruit bodies m nature 
This crustlike formation occurs without the appearance of exuda¬ 
tions on the surface of the culture Cultures of F dryophtla, 
on the other hand, show an abundance of exudations that ap¬ 
pear to be very resinous These may dry to form a waxy crust 
m 8- to 10-month-old liter flask cultures, so that they give to 
the marginal growth of one of the specimens the identical ap¬ 
pearance to be observed in the type collection 

The cultures of F Earleae, Strain I and Strain II, are different 
from those of F dryophtla chiefly m their more cottony appear¬ 
ance (chamois-like texture in F dryophtla) and theu; tendency to 
become crusthke without the formation of exudations (PI XXXII, 
Figs 1-2) The cultures of Strain I and Strain II of F Earleae 
are different also m color shades from those of F dryophtla 
(Table I) 

Cultures and fruit bodies alike of F Earleae, Strain II, actually 
seem to point to an intermediate form between F Earleae, 
Strain I, and F dryophtla The cultures of the two latter fungi 
are so different from each other that they can be distinguished 
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without critical study Though the features of Strain II are 
different from either, certain characteristics of both Strain I 
and F dryophtla are present that suggest an intermediate form 
(Table I) 

The fruit bodies of all three plants have been compared with 
the type collections, and these, too, suggest that the collection 
from Georgia (at first referred to F Earleae with some hesitancy) 
is an intermediate form Rather than describe this as a separate 
species, it was believed to be preferable to establish it as a strain 
of F Earleae, based upon the evidence secured from cultures 
It ib possible to interpret it as either species if morphology alone 
is used in the diagnoses 

Attention is also called to the fact that it would, of course, 
be possible to redescribe F Earleae as another strain of F dryo¬ 
phtla and to regard F Earleae as only a “growth form" of F 
dryophtla The plants, however, are retamed as separate species 
for the following reasons, the tendency of F dryophtla to form 
ungulate fruit bodies, the tendency of the fruit body to separate 
in different tube layers (this latter feature is not to be observed 
even in old, thick specimens of F Earleae ); and, particularly, 
the dull gray appearance of the border growth of F dryophtla 
instead of the more resinous type of F Earleae These considera¬ 
tions alone, however, are not sufficient to keep the plants apart, 
but it is believed that the marked differences observed in cul¬ 
tures are so striking that there is reason enough to retain the 
species name It is to be emphasised that the noticeable diversity 
in the cultures of these two fungi is much greater than in many 
of those from the fruiting bodies of the more commonly recog¬ 
nized polypores, and this information is used to support the 
“relative" characters already mentioned. 

The cultures of P punctata from Rhus vemtx should also be 
compared with those of F Earleae, Strains I and II, since the 
fruiting bodies of these fungi (particularly those which corre¬ 
spond to the collections on Liqutdambar gtyracifl.ua may be con¬ 
fused Color distinctions may be readily used to separate the 
fungi in culture. Cultures of P punctata are usually lighter 
m color than is either strain of F Earleae. The appearance of 
“haematite red" in old cultures (8 to 10 months) of F. Earleae , 
Strain I, and the “yellow ocher" in 8- to 10-month-old cultures 
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(similar to the color of the context of Pol gthms ) of F Earleae, 
Strain II, will readily separate these fungi from P punctata. 
P punctata exhibits a more uniform color, “cream-buff” to 
“chamois”, there are no reds and browns, dark and light yellow 
browns, or dark and light browns in the same culture 

Cultures —Strain I, isolated from Nyssa biflora, Ocala National 
Forest, Florida It belongs to the “slow-growth” class and also 
to that group termed “large-range ” It grows best m the dark 
The cultures are characterized by an abundant growth of my¬ 
celium that soon assumes a flocculent nature and becomes 
“haematite red” and somewhat crustlike m areas showing this 
color. There is no greenish brown zone appearing at the border 
of the culture, as m Strain II No exudations appear Care 
should be taken, however, that these minor differences be not 
allowed to confuse the species When Strain I from Nyssa and 
Strain II from Liquidambar are cultured on red-gum or basswood 
blocks, the two isolates cannot be distinguished from each other. 

F. Earleae, Strain II, isolated from Liquidambar styractflua, 
Kmgsland, Georgia. This strain is similarly characterized by 
the fact that it belongs to the “slow-growth” class and also to 
that group termed “large-range ” It, too, grows best in the 
dark The chief features are (1) the distinctive olive-green color 
that appears in one-month-old cultures and m 8- to 10-month-old 
cultures, and (2) the “yellow ocher” of the mycelium and the 
similarity in color to that of the context color of Pol. gthnu. 
Additional features of this straw are described m Table I and also 
under the heading, “Allied species ” 

Habitat — Liquidambar styractflua, Nyssa biflora, Quercus sp. 

Distribution. — Florida, Mississippi, Texas. 

Fomthporia flavomarginata Murr., N. Am. Flora, 0: 11. 1007. 

(Plata XXXV) 

Type and important •peedmen: 

FomtHporiaflasmarginata Murr on hardwood logs, F S Earle and W A. Murrill, 
609. 1906. Alto Oedro, Cuba Herb. New York Botanical Garden 

FomtHporia ftasomargmsta Murr. on Qusreus mgra, Walterboro, South Carolina, 
Coll. Dow V. Baxter, 1986. Herb Dow V Baxter, Ana Arbor. 

Fructification perennial, brown, entirely resupinate, effused in round 
or subeUiptical patches S X 6-7 cm. or more, mostly 2 to 3 mm. 
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thick, margin thin, adnate, irregular, mostly less than 1 mm 
wide, “clay color,” at length black, sometimes separating from 
the substratum, context thin, tubes distinctly stratified, mostly 
2-4 mm long but up to 10 mm when in an oblique position, 
mouths “Sayal brown,” “snuff-brown” to “bister,” 7-8 to a 
mm , refracting light, entire, thick-walled, dissepiments entire, 
basidia hyaline, 4-spored, 3-4 X 11-18 p, spores at maturity 
very pale ferruginous but immature spores mostly hyaline, sub- 
globose, 4 X 3-4 n, hyphae mostly 2 p in diameter, brown ex¬ 
cept when first formed, seldom septate, cyBtidia none or if 
present appeanng as more or less diamond-shaped structures 
which do not extend beyond the basidia, 4-7 X 9-11 p 

Allied species —The brown resupinate polypores arc exceedingly 
difficult to distinguish, even if spore matenal is abundant, since 
it is often perplexing to determine whether the spores are hyaline, 
pale ferruginous, or brown In this study FomtttporeUa Lan- 
gUnsiana is set up as an example of a plant having definitely 
brown spores When difficulty is found in deciding whether 
the spores are pale ferruginous or hyaline, it is necessary to 
match cultures obtained from known sources with those of the 
unknown specimen 

Macroscopically, this plant might be readily confused with 
old specimens of Pona ferrea, which can be separated easily 
from this species by spore sizes and by cultures If the spores 
of this plant are considered pale ferruginous — as some seem to 
be, but not always — comparisons should be made with F Lan- 
glmnana The spores of F Langlomana are distinctly a choco¬ 
late brown, however, and this feature of definitely brown spores 
should be held for this species This character, if followed, 
should avoid confusion between the two plants Both F Lan- 
glmnana and Fomivpona fiavomarginata refract the light 

Fomitipona Maxom might suggest F fiavomarginata, the con¬ 
text of which is somewhat more yellowish and suggests the color 
of Polyponu gilvus. 

Cultures — Isolated from Quercus nigra, Walterboro, South Carolina. 
F fiavomarginata belongs to the “slow-growth” class The tem¬ 
perature range is large, and tho plant grows best m the dark 
One-month-old cultures of this fungus are readily rii«fanginrimd 
from closely allied forms by being predominately yellow, that is, 
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“straw-yellow ” In culture the fungus shown most nearly re¬ 
sembles that of F Earleae In texture it is similar to several 
of the resupinates, but generally it exhibits a thinner growth on 
the surface of the agar than its allies do 
Habitat — Quercus nigra 
Distribution — Louisiana, South Carolina 

Fomitiporella Langloisiana Murr , N Am. Flora, 9 13. 1907. 

(Platt XXXIV, Fig 2) 

Type specimen 

Fomtitporella Langloisiana Murr near St Martinsville, Louisiana A B Langlois, 
2430 1895 Herb New York Botanical Garden 

Fructification perennial, inseparable, up to 5 mm thick, margin thin, 
adnate, irregular, mostly less than 1 mm wide, “cinnamon-buff” 
to “clay color”, context tlun, less than 0 5 mm, stratose, tubes 
mostly 2 3 mm long each season, mouths “snuff-brown,” “bis¬ 
ter,” refracting the light, circular, 6 to a mm, dissepiments 
entire, spores subglobose, smooth, brown, 3-3.5 X4/t, hyphae 
brown, cystidia none 

Allied species — FomitiporeUa Langloisiana may be mistaken mae- 
roscopically with a number of species m the Fomitipona group 
as well as with forms in its own genus Of these plants Fomttt- 
pona fiavomarginala is perhaps one of the most confusing, since 
its spores are often pale ferruginous at maturity, or at least one 
might interpret them as such The definitely brown spores of 
F Langloisiana will separate these two polypores Since other 
plants listed under the genus Fomitiporella are described as 
having “pale ferruginous” spores, the danger of misinterpreting 
hyaline forms (Fomitiponae) for those that are “ pale ferruginous” 
(Fomitiporellae) is so great as to prevent this feature, alone and 
without other characters, from being a practical means of dif¬ 
ferentiation. For this reason F. Langloisiana is established here 
as an example of a species possessing definitely brown spores 
Comparisons of this plant with other species of the genus will 
be made later 4 F. Langloisiana, however, is easy to distinguish 

4 All the allies of F Langloisiana which have been described aa having pale 
ferruginous or ferruginous spores have not been studied critically microscopically 
and in culture, but it is hoped to continue the revision of this genus as fresh ma¬ 
terial which matches the type is found for culture work. 
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from Fomitipona ( (Fomihporella) Porta) betuhna on the basis of 
spore color The spores of this latter plant are regarded as hyaline 
and are not colored in the sense that they are in F LangUneiana . 
Fomtttporella (Porta) tnermw, which is found almost exclusively 
on Ilex, is easily distinguished macroscopically and microscopically 
from F Langlomana The following features will separate F. 
tnermts from F. LangUnxiana the glistening tubes; the arrange¬ 
ment, which is usually oblique, the checking of the fruit body 
and its splittmg naturally into many cracks; and the relatively 
large size of the mouths 

Porta crustuhna Bres., Mycologia, 17.75. 1925. 

Type, cotype, and important specimens 

Porta crustuhna Bres, sp nov, type on Pteea Sngelmanntt Leg J R Weir, 
16025 Division Pathological and Myeologioal Collections, Washington 

Porta crustuhna Bres on Pteea Bngelnumntt, Coolin, Kaniksu National Forest, 
Idaho Leg J R Weir, Division Pathological and Mycological Collections, 
Washington 

Porta crustuhna Bres on Pteea Engelmanntt, Agassis, British Columbia Lag 
J R Weir, 8162 Division P&thologioal and Mycological Collections, Wash¬ 
ington 

Porta crustuhna Bres.sp nov, on Pteea niehensu, Bellingham, Washington 
Leg J R Weir Division Pathological and Mycological Collections, Wash¬ 
ington 

Fructification mostly annual, sometimes perennial, separable when 
fresh on the more even surfaces, drying to 2 mm, thick-effused 
to a distance of 30 cm or more in irregular patches, usually on 
bark of fallen timbers, margin tomentose to arachnoid, whitish 
to “pale pinkish buff,” sterile at first, often becoming fertile in 
age, up to 4 mm. wide, thin; subiculum up to 2 nun thick, 
concolorous with the margin; tubes often becoming somewhat 
resinous, up to 5 mm but mostly about 33 mm. long each season; 
mouths circular to angular, 1-3 to a mm , “pale pmiriah buff" 
drying to “p inki s h buff,” “cinnamon-buff'” to “day color”; dis¬ 
sepiments often fimbriate; basidia 2-4-spored, 11-16.5 X 5.5-7 n) 
spores hyaline, smooth, cylindnc to allantoid, 5.5-7 (8) X 2-3 n, 
usually abundant in most mounts, hyphae smooth or encrusted, 
thick-welled, septate, mostly 3-4 ft in diameter 

Allied spectee. — That this plant has the general aspect of a short- 
tubed or perhapB an undevdoped P. tubaeida probably accounts, 
in part, for the fact that the spedes is not to be found under this 
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name in many herbaria It has probably been mistaken m the 
field for that Bpecies, since in habit of growth, color, and even 
m size of the mouths the two plants are remarkably similar In 
Europe it would probably be mistaken for a thick form of P 
aneinna The cyhndnc or allantoid spores of the plant described 
here will readily separate it from both P subacida and P aneinna 
The relatively thick form of this plant will aid also in separating it 
from the typical P. aneinna 

Some collections of this plant have been tentatively called 
P flamcans in America, but the real P ftamcans is totally different. 
P crustulina differs m spore measurements from that plant and 
does not possess at all the soft-yellowisli characteristics of P 
flamcans The general aspects of P flamcans suggest a yellow 
Pol. senceo-moUts 

In young stages of development P crustulina resembles the 
macroscopic appearance of P attenuata var submeamaia The 
width of the spores will readily separate the two plants Those 
of P attenuata var submeamaia are only 1 ft wide, whereas the 
spores of P. crustulina are 2-3 p in width 

Cultures — Isolated from Picea glauca, Tanana, Alaska Cultures 
produce a thick mat much more fluffy than those exhibited by 
Porta eubacida 

Habitat — A fetes lastocarpa, P Engelmannii, P. glauca, P sitcherms, 
Pinus contorta, Tsuga keterophylla 

Distribution — Bntish Columbia, Nova Scotia, Ontario, Yukon Ter¬ 
ritory, Alaska, Colorado, Idaho, Michigan, New York, South 
Dakota, Utah, Washington 

Occurrence — This species is very probably much more common on 
coniferous woods throughout the northern forest regions of North 
America than the known distribution records indicate It is 
common on fallen logs in the interior forests of Alaska, northern 
Bntish Columbia, and the Yukon Terntory, but it does not occur 
frequently in the "ram-forest belt ” I have observed it at many 
localities in both the Toklat River and the Savage River distnets 
m the Mt. McKinley region A collection from the Kenai 
Peninsula in Alaska represents the only known record of its oc¬ 
currence in the coastal forest The fungus is found at the higher 
altitudes m the Rooky Mountains, and it is known from Isle 
Royals, Michigan, and from Nova Scotia. 
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Trametes isabeltma Ft , Hymen Eur, p. 585. 1874 
(Plate XXXVII, Fig 2) 

Fomet Unutt Karst, Medd 8oc Fauna FI Fenn , 14 81 1887 
Polyporut Unu%» (Karst ) Romell, Arkiv f Bot, 11 24 1911 
Trametes telotus Weir, Joum Agnc Res , 2 164 1914 
PheUtnut ttabelhnut (Fr) Bourd Gals , Hymen Fr, 1 622 1927 
TrameUt Unutt (Karst) in American literature Not Polyetictus Unutt Link 

Types and important specimens 

TrameUt tsabelhna Fr orig ex Blytt Herb of Bros , Stockholm 
TrameUt Unutt Karst on pine Mustiala, Finland 1-cg P A Karsten, 1878 
Ex Herb Karsten, Herb Mycology Lars Romell, Stockholm 

Fructification perennial, coriaceous to woody, sessile, effused-reflexed, 
or entirely resupinate, confluent, pilcus up to 10 X 1 5 X 0 6 
cm , surface hirsute to glabrous, zonate, “mouse-gray,” “benzo 
brown,” “Chaetura drab” to blackish, margin tomentose, vel¬ 
vety, sterile at first, “clay color,” "ochraceous tawny,” “tawny 
olive,” becoming fertile in age, resupinate specimens first in 
circular or irregular patches, becoming confluent and effused, 
margin “clay color,” “ochraceous tawny,” “Sudan brown,” 
“tawny olive,” sterile, 1-2 mm wide, context “cinnamon- 
brown,” less than 0 5 and mostly less than 0 3 mm thick, tubes 
1-4 mm long, “Sudan brown” to “Brussels brown”, mouths 
round to angular, 2-6 mostly 3-4 to a mm , concolorous with 
the tubes, dissepiments thick, entire; basidia 8-13 X 3-4 p, 
spores hyalme, smooth, cylmdnc, 5 5-7 (9) X 1 5-2 p, setae abun¬ 
dant, long, pointed, both subulate and ventneose, 26-44 X 3-7 p, 
hyphae brown, straight, unbranched, aseptate, 2-3 p in diam¬ 
eter 

Allied *pectea — Porta mticola, P conhgtu i, P. superficialis, P floe- 
co8a Fr sensu Romell, are now considered to be large-pored 
variations (pores mostly 2-3 to a mm) P. racodioides Pen is 
also considered to be a large-pored form with a wide stenle 
border The so-called typical forms of these plants are supposed 
to exhibit larger pores than those described for T ttabelitna 
P ferruginota differs from the resupinate forms of T. vsabdltna 
in spore size The spores of P jerruginoea are globose-ellipsoidal, 
4-5 (4) X (3) 2 5-4 p, whereas those of T tsabelhna are 5.5-7 
X 1 5-2 p The long projecting setae of T taabelhna are also 
helpful in separating not only these two, but 7* tsabelhna and 
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P ferrea as well The spores of the latter two fungi are cylindnc 
T tsabellma is found abundantly on conifers, P ferrea is usually 
on hardwoods 

No difficulty has been expenenced in distinguishing the fruit 
bodies of T tsabeUtna from T odorata (T protrada ) The abun¬ 
dant setae which are found in the former will readily separ 
rate the one from the other Furthermore, the rots produced by 
these two fungi are different T tsabeUtna causes a small white 
poiket rot These pockets, which are confined to the ring, 
coalesce in the filial stages of the decay process and a ring-scale 
rot is produced T odorata, on the other hand, causes a brown 
rot 

Cultures — Strain 6W, isolated from Ptcea glauca, Selkirk, Yukon 
Terntory, and Strain 10W, isolated from P glauca, Selkirk, 
Yukon Territory Both strains are identical with reference to 
their growth rate, color, and texture They are most closely 
allied in culture to Porta ferrea and P femigtnosa m color and 
texture, but there is obviously a difference in the growth rate 
of both strains of T tsabeUtna, in contrast to all the cultures 
obtained from P ferrea and P ferrugtnosa on a great variety 
of substrata and range (Table I) T tsabeUtna grows much 
more slowly in culture than P ferrea or P ferrugtnosa 
The two strains of T tsabeUtna differ m that one appears 
to be homothallic, while the other one is possibly heterothallic 
At any rate, tube formation and the production of spores com¬ 
monly take place in less than two weeks in Strain 10W, but no 
spore or tube formation has developed in cultures of Strain 6W 
Habitat — Abies grandts, A lastocarpa, Chamaecypans lawsontana, 
Lartx occtdentahs, Ltbocedrus decurrens, Ptcea Engelmannn, P 
glauca, P. tnanana, Ptnus attenuata, P bankstana, P contorla, 
P. monhcola, P ponderosa, P strobus, P taeda,»P. tnrgtntana, 
Populus tremuloides, Pseudotsuga taxtfolta, Quercus alba, Sequoia 
sempervtrens, Thuja occtdentahs, T pltcata, Tsuga heterophyUa 
Distribution —Alberta, Bntish Columbia, Yukon Terntory, Ala¬ 
bama, Alaska, California, Colorado, Idaho, Maryland, Massa¬ 
chusetts, Michigan, Minnesota, Montana, New Jersey, Oregon, 
South Dakota, Virginia, Washington, West Virginia, Wisconsin, 
Wyoming 

Remarks —In Sweden this fungus is a very common one on old 
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fence rails Swedish plants are mostly “snuff-brown” to “Brus¬ 
sels brown” when freshly collected 
The fungus is one of the most abundant of the polypores found 
in certain sections of the western mountains of Ninth America, 
where it causes a sap and heartwood rot of fallen trees It is 
particularly abundant on lodgepole pme Hubert (4) reports it 
as a common rot of stored coniferous logs also 


Pona ranctda Bres , F. Tnd., II 96. 1892. 

(Plate XXXV11, Fig 1) 

Type and important specimen 

Pona ranctda Bres, ep nov, Herb of Bresadola, Stockholm 
Pona ranctda Bres Kingston, Ontario, Canada Coll H T McClement, det 
Dow V Baxter C G Lloyd Mycological Collection, 16385 

Fructification somewhat corky, becoming hard, ossified, and the sur¬ 
face becoming somewhat granular or plaster-like, ramifying over 
and matting coniferous needles and bark on or near the ground, 
up to 2-10 mm thick and varying with the irregularities of the 
soil or surface of the substrata, whitish at first, becoming “pale 
mouse-gray” to “pinkish buff”, margin becoming fertile, subi- 
culum up to 8 mm , but varying according to the depth to which 
the fungus penetrates in the forest floor, tubes 2 to 4 mm. long 
(Bres , [probably in fresh plants]), 0 5 to 1 0 mm and mostly 
less than 1 mm in length in dned specimens, becoming ossified; 
mouths variable, round or subangular, 2-3 to a mm ; “pale 
mouse-gray,” “light mouse-gray” to “pinkish buff” and “cinna¬ 
mon-buff”, dissepiments thick; ba6idia 4-spored, 13-18 X 4-7 
spores hyaline, cylindrical (4 5) 5 5-7 X (2) 2.6-3 p; hyphae 
1-4 n, collapsible, thick-walled, abundant clamp connections 
AUted species — According to collections m the Bresadola herbarium 
at Stockholm, P ranctda most nearly resembles P chrysoloma 
Fr. as interpreted by Bresadola The spores given for P. chry¬ 
soloma Fr sensu Bresadola are 5-6 X 4-4 5 ju, those of P ranctda 
Bres, (4 5) 5 5 -7 X (2) 2 5-3 m Specimens of both these plants 
are very similar macroscopically and, in general, are found in 
similar habitats (very unusual habitats for the majority of the 
species of the resupinate polypores), and both plants become 
somewhat ossified upon drying Although in P. chrysoloma faint 
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tints of pink or cinnamon prevail instead of the white or gray 
common in P ranctda, these colors, too, are to be detected in dned 
plants of the latter species Young specimens of P anitngua 
might be mistaken for P ranctda and particularly so when they 
are growing on the ground about tree roots Dried collections 
of the former are somewhat friable, whereas those of P ranctda 
are ossified 

Remarks — In speaking of Trametes abtelts Karst, Romell (6) states* 
“It is not mentioned in Fries’ works, unless P. chrysoloma is 
the resupinate form of it ” He adds that this seems probable, 
although it cannot be demonstrated now, since authentic speci¬ 
mens are not known to exist This authority also calls attention 
to the fact that the P chrysoloma Fr as interpreted by Bresadola 
“is close to his [Bresadola’s] Porta ranctda n 
Occurrence —Rare 

Habitat —On hemlock bark and needles on ground On Lanx 
needles in the type 
Distribution — Ontario, California. 

Uniyubsity or Michigan 
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1. Porta inermiH from Hex verlicellaUi , Whitmore I^ike, Mi 



2. Fomitiporia dryophilci from QKerens sp., Ocala National Forest, Fl< 



Fig. 3. Porta punctata from Rhus vernix , Michigan 

late poly pores cultured on malt agar at 25°, 30 ° ( and 35° C. (cult 

weeks old) 






Fig. 1 . Fomitiporia Earloae , Strain I, from Nyssn biflora, 
Osceola National Forest, Florida 



Fig. 2. Fomitiporia Earhae, Strain II, from LAquidambar aiyraciflua, 
Kingslatid, Georgia 



3. PoL glomeratusf from Quercus laurifolia, Ocala National Forest, F 

ate poly pores cultured on malt agar at 25°, 30°, and 35° C. (cult 

weeks old) 









PLATE XXXIV 



Fig 2 t'omxHporeUa Langloxsxana Murr Type epoclmen 
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□. 1. Faria rancida Hies. Specimen in the Bresmlola Herhariui 
Naturhistoriaka Rikamua&d, Stockholm, Sweden 



TESTS USED IN COMPARING BACK PUMPS 

RONALD L BIRD 
INTRODUCTION 

T HE testing and rating of back pumps was started at the Michi¬ 
gan Forest Fire Experiment Station in 1932 All types of 
available pumps wore used in these tests single-action and double¬ 
action trombone, plunger, and compressed-air 

TESTS AND RESUIiTS 

To eliminate as far as possible variations m the personal ele¬ 
ment, all test work was done by one operator The catchment 
tests for accuracy were conducted out of doors on calm or nearly 
calm days, since a light wind would deflect, the stream Each test, 
at a given distance, was earned over several days to permit com¬ 
pensation for differences due to the personal equation and wind 
currents 

Since accuracy was an important consideration, it was necessary 
to build a target or catchment tank A galvanized tub with a top 
diameter of two feet was used for this purpose A large hole was 
cut in the bottom, and a five-gallon gasoline can, with the bottom 
removed, was bolted underneath m an inverted position This unit 
was mounted on a three-legged stand A gauge made of a small 
board with a groove cut down the middle, into which a glass tube 
was fitted, was placed on one leg of the stand The glass tube was 
connected to the tank by a rubber hose fastened to the pounng spout 
of the gasoline can The tank was leveled for purposes of gradua¬ 
tion, and water poured into it until it appeared in the glass tube 
At this position a mark, which was called the “zero point,” was 
made The gauge was then calibrated by pounng water mto the 
tub, one pound at a time The spaces between the one-pound marks 
were subdivided into five equal parts Since it was possible to 
interpolate between these smaller intervals, the amount of water 
in the catchment tank could be read to approximately 0012 of a 
gallon 
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Five small triangular platforms were built on which to set the 
catchment tank These were erected at distances of ten feet from 
center to center, each at the same level An operator’s stand was 
then constructed so that its nearest edge was ten feet from the center 
of the first small platform and as high as the top of the catchment 
tank when placed on any one of them Thus the operator was stand¬ 
ing in the same relative position as a man directing a stream of 
water at a fire on the ground 

Each pump was weighed both empty and full, the type of nozzle 
and the size of orifice were recorded, as well as the width, thickness, 
and height of the tank To eliminate any variation m the amount 
of water in the tank, it was always filled to overflowing for weigh¬ 
ing and test work 

Five tanks of water were discharged at the target at each dis¬ 
tance Pumping was stopped when the pump started to Bhoot air 
and its maximum efficiency was lost The results of the tests at 
each distance were averaged, the mean being accepted as the 
amount that could be delivered m a two-foot circle at that distance. 
These results were later interpreted in terms of both gallons and 
percentage of the actual water discharged The pumping opera¬ 
tion was not continuous, but was broken up into several periods 
to allow a short rest whenever the operator’s arm started to tire 

The amount of water actually discharged during the test was 
the difference between the full and the exhausted weights of the 
pump The latter was the average weight at the end of the test, 
one measurement being taken at each distance 

The following additional data were recorded for each pump: the 
number of strokes and the amount of time necessary to discharge 
the water from the tank, the number of strokes per minute, the 
volume discharged per minute; the volume discharged per stroke, 
the maximum nozzle pressure, and the percentage of mechanical 
efficiency The data for the pump types are presented in the ac¬ 
companying tables. Also, notes on desirable and undesirable qualities 
were made by the operator and were used in m^lring suggestions to 
the manufacturers for improving their products. 

The number of strokes required for discharge was found by 
counting the strokes on one tank at each distance and averaging 
the results. The total time for discharge, which was secured by 
timing each pumping period with a stop watch, was taken on one 
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test at each distance, with the mean used as the final figure From 
these data, volume per minute, strokes per minute, and volume per 
stroke can easily be computed 

The maximum nozzle pressure was obtained by connecting a 
pressure gauge into the discharge line just back of the nozzle and 
operating the pump as rapidly as possible 

The percentage of mechanical efficiency of pumps of the trom¬ 
bone and the plunger types was calculated by dividing the actual 
by the computed displacement The water delivered by five com¬ 
plete strokes was caught in a pail and measured to the nearest 
cubic centimeter, with the average used as the actual discharge 
By measuring the diameter of the pump cylinder and the length of 
the piston stroke the displacement could be computed to the nearest 
cubic centimeter No efficiency tests were conducted with the 
compressed-air type 

TABLE I 


QUANTITIES OF WATBR DELIVERED IN A ClRCLE Two FrRT IN DlAMETBR 

by Pomp Types at Kanoes from Ten to Fifty Feet 


Type of pump 

| Distance in feet 

10 


30 

40 

50 

Percentage of actual discharge 

Compressed-air 

08 5 

72 8 

31 7 

85 

— 

Single-action trombone 

80 8 

516 

12 3 

27 


Double-action trombone 

835 

410 

116 

10 

00 

Plunger 

80*7 

24 8 

01 

82 



TABLE II 

Results or Comparative Tests of Pump Performance 
by Types 


Type of pump 

Pressure, 
pounds per 
square inch 

Volume, 
gallons 
per minute 

Strokes 

per 

minute 

Percentage 
of mechani¬ 
cal efficiency 

Compressed-air 

42 

0 42 

mm 


Single-action trombone 

47 

0 78 

»fBl 

405 

Double-action trombone 

48 

006 

— 

464 

Plunger 

63 

178 

630 

418 





























300 


Ronald L. Bird 


CONCLUSIONS 

The work to date has brought out the necessity of secunng other 
data before the present data ran be analyzed to best advantage 
We must know the maximum horizontal and vertical ranges, the 
maximum acruracy, and the maximum striking force for any size 
of nozzle at any given pressure* Plans are now under way to ob¬ 
tain this information To insuie accurately controlled pressures a 
geared rotary power pump will be used in this work 

Department of Conservation 
Forest Fire Experiment Station 
Roscommon, Michigan 
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INTRODUCTION 

W ITH the advent, of the Emergency Conservation Work and 
the establishment of the CCC camps, forest culture has be¬ 
come something more than mere theory Cultural work m young 
stands and care of plantations have been activities of high priority 
in the camps, and mu< h time and effort have gone into such forest 
practices as thinning, pruning, weeding, cleaning, and release cut¬ 
tings 

Unfortunately, in the Lake States region very little information, 
of either a practical or an experimental nature, on how to treat young 
stands was in existence when this large emergency program got 
under way None the less, it was necessary to push the work and 
to emend incorrect practices as new information became available 
Results of past experiments in the care of yoimg stands or planta¬ 
tions are thus espeeially valuable at this time to help guide the prac¬ 
tice of intensive forestry that is going on in the CCC camps In 
this paper the results of release cuttings in three separate pine planta¬ 
tions, two m Michigan and one m Minnesota, are presented 
Because of the presence in the Lake States of millions of acres 
upon which the original forest has been denuded or replaced by 
stands of inferior species and quality, the problem of restoring 
more valuable species on these areas is of great importance One 
method of obtaining this result is underplanting the inferior stands 
with better species, which are to be released later by cutting all, 
or portions, of the overstory On some of the state forests in Michi¬ 
gan, and in other places as well, the first step m this process has 

aoi 
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been taken In many cases the underplanted species, especially in 
Michigan, has been white pine, because on many sandy soils a better 
catch is secured under cover than m the open, and the pines protected 
by an overhead canopy are less susceptible to damage from frost 
and weevils 

In 1928 a study was initiated by the School of Forestry and 
Conservation of the University of Michigan m cooperation with 
the Lake States Forest Experiment Station for the purpose of deter¬ 
mining whether underplanted white pme will react sufficiently to 
release from the influence of an overhead cover to justify the cutting 
of such a cover in various ways 

LOCATION AND DESCRIPTION OP PLOTS 

Higgins Lake Plots 

The area selected as the location for the first senes of plots is 
on the Higgins Lake State Forest in Crawford County, Michigan, 
covering a stnp of practically level land The overhead cover on 
this strip was composed of white and red oaks, red maple, large- 
toothed and trembling aspens, and white and Norway pines The 
age of the cover was between 40 and 45 years, except for two largo 
white oaks and one Norway pme that were left from the ongmal 
forest The area was underplanted with white pme in 1912 

Table I indicates the overhead cover and the stocking of planted 
pme before cutting* 

TABLE I 

Basal Assam per Acre or Overhead Cover and 
Number of Planted White Pines 


Plot No 

White 
pine 
Sq ft 

Norway 
pine 
Sq ft 

Red oak 
Sq ft 

White 

oak 

Sq ft 

Aspen 
Sq ft 

Red 
maple 
Sq ft 

Total 
Sq ft 

No of 
planted 
white 
pine per 
acre 

1 

7298 

1295 

18 440 

18 917 



103076 

1,141 

2 

6721 

0 568 

29 957 

11356 

39138 


96449 

1,100 

3 


0 419 

38322 

20 126 


6 073 

87126 

1,249 

4 

2 898 

2 460 

42 844 

21240 

13 535 



1,114 

5 

6029 

2 753 

27 928 

22 098 

Wmmm 

4 743 

1 am 

1,002 


* One jack pine, in Plot 4, is omitted from the table, hut is included in the 
totaljbas&l area. 
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Density of crown cover and composition were not uniform over 
the entire area chosen for the study, but represented fairly average 
conditions, as found in such second growth in that locality In 
general, the density of cover increased from east to west, partly 
because of a heavier degree of stocking on the west portion and partly 
because of a larger percentage of red maple and natural second- 
growth white pine in the mixture 

The area was subdivided into five plots, each of three fourths 
of an acre, except Plot 5, which covered a full acre Each plot was 
surrounded by an isolation stnp one-half chain in width The plots 
were fairly uniform in overhead cover, except that oaks predominated 
strongly on the east one third to one half of the several plots, the 
percentage being greatest on Plot 5 and least on Plot 1 The amount 
of aspen was considerably higher on the west portion of Plots 1 and 
2 than on any of the others Plots 3 and 4 had much smaller amounts 
Table II indicates the number of planted pines by height classes 
on the several plots before cutting. 

TABLE II 


Number or Planted White Pines per Acre by 
Height Classics in 1028 


Height 

class 

Feet 

Plot 1 

Plot 2 

Plot 3 

Plot 4 

Plot 5 

1 

246 

261 

168 

251 

146 

2 

251 

256 

341 

887 

221 

3 


163 

305 

265 

88»iT;— 

4 

136 

152 


140 

153 

5 

03 

104 

117 

58 

118 

6 

69 

76 


34 

94 

7 

40 

43 


15 

32 

8 

81 

15 


6 

18 

9 

21 

21 


8 * 

9 

10 

13 

8 



5 

11 

17 

1 

1 



12 

11 


1 



13 

5 





14 

6 





16 

8 






The majority of the pines are below the five-foot bright class 
on all plots. The percentages of trees below the five-foot class run 
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as follows Plot 1, 73 0, Plot 2, 75 6, Plot 3, 81 8, Plot 4, 89 1, 
Plot 5, 72 4 

The naturally grown white pine was restricted to a narrow strip 
which ran across all the plots in a north and south direction Large 
clumps of witch hazel and serviceberry were abundant on portions 
of the area and materially increased the actual density of over¬ 
head cover wherever they occurred The ground cover was mostly 
thin and composed of bracken, wintergreen, huckleberry, and grass 
Grass was considerably heavier under the oak portion of the stand 
and was practically lacking under red maple and the dense clumps 
of brush The effect of variations in density upon the past growth 
of the underplanted white pine was very pronounced Where high 
density prevailed, the height of the white pine was mostly less than 
one foot, while m more open portions of the stand it varied between 
four and ten feet 


Fife Lake Plots 

The second series, of six plots, all of which he on top of a broad 
ridge, on land that is practically level, was established by the 
School of Forestry and Conservation in 1929 on the Fife Lake State 
Forest in Grand Traverse County The stand consisted principally 
of red and white oaks and red maple There were occasional small 
groups of aspen, a few white and Norway pines on Plot 1, and a 
small number of sugar maple and black cherry The distribution 
of the trees was somewhat irregular, with a number of small openings 
scattered throughout These openings bad an area of about one 
to three square rods Aside from the openings, the density of cover 
was about eight tenths The amount of underbrush was very small, 
consisting of a few clumps of serviceberry Under the denser por¬ 
tions of the stand the ground cover of grass, wintergreen, bluebeny, 
and bracken was rather thin In the openings there was a heavy 
cover of bracken and sweet fern 

The original timber was cut about 1884 Counts made on the 
stumps of trees removed in the release cutting showed t hat the age 
of the second growth ranges from about 20 to 40 years Several 
veteran oaks remained on Plots 4, 5, and 6. 

The white pine was underplanted in the spring of 1919 Except 
around the edges of openings growth has been very slow In the 
central portions of the openings the planting failed to catch. This 
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demonstrates the need for overhead cover m securing establishment 
of white pine under existing conditions of climate and soil 

Table III shows the character of overhead cover and the number 
of planted pines present at the time the study was initiated 

TABLE III 

Basal Areas per Acre of Overhead Cover and Number op 
Planted White Pines 


Plot 

No 

White 
pine 
Sq ft 

Nor¬ 
way 
pine 
Sq ft 

Red 
o*k 
Sq ft 

White 
o*k 
Sq ft 

Anpen 
Sq ft 

Red 
meple 
Sq ft 

Cherry 
Sq ft 

Sugar 
maple 
Sq ft 

Jnek 
pine 
Sq ft 

Total 
Sq It 

No of 
planted 
white 
pinea 

1 

0 380 

2387 

16 010 

17 233 

4 084 

IS 110 




04 663 

664 

2 

0 100 

0 364 

17 874 

28 940 

, 0 647 

0 182 

0 612 



07 674 

712 

3 


0007 

mm 

20 403 

1202 

9 201 

1 272 

0008 

■HHQM 

08 205 

760 

4 



7834 

34 600 

EE31 

3 451 

0 086 


0067 

47 715 

700 

3 



17 120 

18 018 

3 170 

8 430 




46 706 

784 

6 


I 

12 088 

17 070 

2 176 

10 730 

0 170 



48 106 

756 


Table IV gives the number of pines by height classes on the 
several plots before cutting 


TABLE IV 


Number ot Planted White Pineh per Acre by 
Height Classes in 1929, Fife Lake Plots 


Haight 

clasp 

Plot 1 

Plot 2 

Plot3 

Plot 4 

Plot 5 

Plot 6 

Feet 







1 

411 

386 

483 

341 

Bfl 

468 

2 

188 

244 

214 

297 

mSm 

220 

3 

53 

60 

56 

106 

■9 

52 

4 

10 

16 

6 

37 

H 

14 

5 

2 

4 

0 

9 

0 

2 

6 


2 

1 

0 

M 

0 

Total 

664 

712 

760 

790 | 

mSM 

756 


Birch Lake Plots 

Another set of release-cutting plots was established m 1931 m 
the Birch Lake plantation of Norway pine on the Supenor National 
Forest m northeastern Minnesota by the Lake States Forest Ex¬ 
periment Station. This plantation, slightly over 100 acres in extent, 
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was started in 1915 and 1917 on a site which originally was said 
to have yielded some 50,000 board feet per acre of Norway and 
white pine timber After cutting, the area was burned several times 
The last fire, which burned off all vegetation, had occurred the 


TABLE V 

Number of Trees per Acre bt Height Classes after Cutting 


Plot No 

Height classes in feet 

5 

10 

15 

H 

25 

30 

35 

40 

45 

Total 

25 (check) 











Aspen 


4 

El 

116 

164 

300 

288 

168 

16 

1,006 

Norway pine 


72 

116 

144 

84 

8 




424 

Others 



28 

64 






02 

Total 


76 

184 

324 

248 

308 

288 

108 

16 

1,612 

24 (light relearn) 











Aspen 



80 

104 

160 

168 

172 

24 


708 

Norway pine 

4 

40 

72 

02 

108 

4 




320 

Total 

4 

40 

152 

106 

208 

172 

172 

24 


1,028 

26 (heavy release) 











Aspen 



8 

8 

8 

40 

52 



116 

Norway pine 


64 

132 

112 

68 



■ 


376 

Total 


64 

140 

120 

76 

40 

52 



402 


TABLE VI 

Basal Aiuoa per. Acre or Plots before Cutting 


Plot No 

Norway 

pine 

Sq ft 

Aspen 

Sq ft 

Others 

Sq ft 

Total 

Sq ft 

25 (oheck) 

25 22 

63 21 

006 

8030 

24 (light release) 

22 62 

4417 


66 70 

26 (heavy release) 

20 30 

4124 

082 

6236 


year previous to planting This, then, was an area where the pl*nfd 
trees had an even start with any broad-leaved species that might 
come in later The soil is a gravelly and sandy loam of good quality 
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— much better than that of either of the Michigan areas Various 
ages of transplant stock were used over the whole plantation, but 
on the area concerned in this report 1-1 stock was planted All 
trees were planted by the deep-hole method, with a spacing of 
8X8 feet, or about 680 pines to the acre 

Good survival was obtained, and two years after planting nearly 
85 per cent of the trees were still living No care, however, was 
given the young trees, and in 1031, when a survey of 10 per cent 
of the plantation was made, it was found that aspen was seriously 
crowding the planted pine trees and had overtopped many of them 
The tops of many pines were being deformed by the whipping of 
the aspen At this time, although pine still predominated on one 
fifth of the area, aspen and brush had completely claimed one fourth 
of the plantation, and over one half was a mixture of aspen and 
pine 

In the area of mixed aspen and pine, aspen and other broad¬ 
leaved trees numbered about 1,200 per acre and Norway pine about 
375 per acre The Norway pine averaged a little over 3 inches in 
diameter, but ranged in diameter from 1 to 5 inches and in height 
from 9 to 28 feet. The average height of the aspen was about 30 
feet, but many trees were 40 feet tall and a few were 45 feet They 
occurred m groups within which the pines were nearly all suppressed. 
Around the edges of these groups, however, most of the pines, al¬ 
though crowded, were still thrifty 

CUTTING METHODS 

A number of cutting methods were employed to determine which 
one would give the best results when all factors were taken into 
account, l e the effect upon the growth of pine, the cost of cutting, 
and the possible financial returns 

The methods used on the Higgins Lake plots werft as follows* 

Plot 1 — A heavy commercial cut, which removed all hardwoods 
with a diameter breast-high of four inches and better. All clumps 
of witch hasel and serviceberry were also cut. 

Plot 2. — A light commercial cut All trees over 7 inches m di¬ 
ameter and all large clumps of brush were cut. 

Plot 3. — The control plot. No cutting was done. 

Plot 4. — Cutting of all brush and small, unmerchantable, suppressed 
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trees In addition, the lower branehes of the larger trees that 
threatened mechanical damage to the tops of white pmc were 
pruned 

Plot 5 — Clear-cutting, except for 14 oaks with high, small crowns, 
1 thirteen-inch Norway pine, and 5 white pines 

On the Fife Lake Plots a somewhat different combination of 
cutting methods was used, as follows 

Plot 1 — Everything cut but 92 of the largest and best oaks and 
the five large pines that were present, 

Plot 2 — The control plot for Plots 1, 3, and 4 Nothing was cut 
Plot 3 — A heavy thinning from below, winch left only dominant 
and codominant trees Of these, 127 were white oak, 109 red 
oak, 20 red maple, and 4 aspen 

Plot 4 — A thinning designed primarily to aid the growth of the 
young oak, with an incidental, partial release of the white pine 
This type of cutting was adopted because of the large percent¬ 
age of small, unmerchantable oak on the plot, winch would be 
expensive to cut and would yield no return 
Plot 5 —A thinning to favor the growth of oak, since the bulk 
of the trees were below five inches in diameter 
Plot 6 — The control plot for Plot 5 No cutting was done 

VOLUME CUT AND COSTS 

All wood was piled after cutting and the number of stacked cubic 
feet in each pile determined From these figures the number of 
standard 4' X 4' X 8' cords was computed for each plot The costs 


TABLE VII 

Hjgqinh Lake Plots 



Total 

Total 


Plot No 

volume cut 

cutting time 

Total cost 


Cords 

Man-hours 


1 

227 

133 5 

see 75 

2 

3 

158 

1100 

55 00 

4 


10 5 

525 

5 

13 7 

126 5 

0325 
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given in Tables VII and VIII are based on a wage of fifty rents per 
hour in the rase of the Higgins Lake plots and $3 50 per eight-hour 
day on the Fife Lake plots These were the current wages m 1928 
and 1929 Cutting time includes the tune required for felling, 
limbing, lopping and scattering slash, bucking, and piling 

It should be noted that the figures given in Table VII are all 
on a per acre basis The cost per cord for Plot 5 was higher than 
that for Plot 1, chiefly because so much small, unmerchantable 
material had to be cut that was not included in the volume 


TABLE VIII 

Fife Lake Plots 


Plot No 

Tutu! volume 
cut per acre 
Cords 

Total cutting 
time per acre 
Man-hours 

Total coat 
per acre 

1 

8 34 

85 0 

$37 19 

2 




3 

4 07 

48 0 

2100 

4 

260 

34 5 

15 09 

5 

2 28 

47 0 

20 56 

0 





The plots listed in Table VIII are one acre each, except Plots 
5 and 0, which arc one-half acre The smallness of the volumes 
cut is due partly to the methods of cutting but more to the small 
sue of many of the trees that were removed 

Birch Lake Plots 

Two degrees of release cutting were tried on the Birch Lake 
area Approximately an acre was devoted to each type of cutting 
Sample plots of one-fourth acre were established on £ach cutting 
area On the first (Plot 24) 380 aspens per acre were cut or 40 per 
cent of their basal area The purpose was to afford a complete 
release of the thriftier intermediate pines, but no direct attempt 
was made to save the smaller and the more suppressed ones The 
very largest pines apparently needed little or no help 

On the second plot (Plot 26) a more drastic release was made 
The intention here was to release every planted tree This resulted 
in the cutting of 800 aspens per acre or nearly 90 per cent of their 
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basal area Although the number was more than twice that cut 
on the first plot, the basal area removed was almost exactly double 
that of the former A third plot (Plot 25) was left uncut for com¬ 
parison This check plot was fairly representative of the other two 
plots before cutting took place, but contained somewhat fewer aspens 
and more pines than the other plots 

At Birch Lake the light release required three and one-half hours 
of labor per acre and the heavy release six and one-fourth hours 
per acre Tins did not include tune spent in lopping down the 
slash The man who did the work probably accomplished more 
than the average laborer can be expected to do, but no time was 
allowed for supervision So much more reliable figures for large 
areas are now available for work of a similar character by both 
NIRA workers and CCC camps that the cost data from these small 
plots are probably not highly indicative of what such work costs 
On the whole they are probably low 

No market existed for any of the material cut, and it was merely 
lopped down so that it would lie fairly close to the ground 

MEASUREMENTS AND OTHER DATA 

Before the trees on the several Michigan plots were measured 
those to be cut were blazed, and the hardwoods to be left were tagged, 
as well as the underplanted white pine All trees on each plot 
were measured m one operation, being taken in the order that they 
occurred on the ground, so that their positions on the tally sheet 
indicate their actual relative positions to one another in the stands 
The heights of all underplanted white pines were measured with 
a graduated pole Diameters of these pines were measured only 
when the diameter breast-high was of appreciable size Diameters 
of all hardwoods were measured and the heights estimated in five- 
foot classes, with a Forest Service hypsometer used as a check The 
crown class and the relative crown width were recorded, and the 
tally sheets showed whether or not a given tree was to be out. 

Subsequent measurements of the current height growth of the 
underplanted white pines were made on the Michigan plots to deter¬ 
mine how soon any stimulation in growth occurred after the cutting 
On the Higgins Lake plots in 1929 the measurements covered the 
growth for the years 1926, 1927, 1928, and 1029, with the growth 
for each year recorded separately The growths for 1930 and 1031 
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were taken in those years Similar measurements were taken on 
the Fife Lake plots for 1929,1930, and 1931 

The trees removed on the Birch Lake plots were tallied by 
diameters, and sufficient heights were measured to obtain a good 
height-diameter curve Trees which remained after cutting on the 
sample plots were all tagged and measured for diameter at breast 
height to the nearest tenth-inch Heights of all pines were meas¬ 
ured with a pole to the nearest tenth-foot Sufficient heights of 
remaining aspen trees were measured to obtain a good height- 
diameter curve The shorter trees were measured with a graduated 
pole and the taller ones by Abney level Three years after cutting, 
in July, 1934, all numbered trees were remeasured for both height 
and diameter, and general observations were made 

A record has been kept of all pines broken by fallen trees, buned 
m slash, or damaged in any way later, on both the Higgins Lake 
and the Fife Lake plots 


RESULTS OF CUTTING 
1 Upon character of remaining stand 

The stand left upon Plot 1 of the Higgins Lake senes was very 
irregular Considerable portions were cut practically clear, expos¬ 
ing the pine completely, while the central part still retained consider¬ 
able density, because of the presence of a number of rather large 
white pines 

The density of the western end of Plot 2 was changed very little, 
and at no place was the stand opened to the extent that it was on 
Plot 1 

The principal change on Plot 4 was in removing the danger of 
mechanical damage from overhanging limbs, small hardwoods, and 
brush to the white pmes for some years to come The remauung 
density was so great that a number of hardwood trees, in the lower 
crown classes have died of suppression during the past six years 
On Plot 5 the pmes were fully exposed to all intents and purposes, 
since the very small number of trees left afforded little shade 

In the Fife Lake senes Plot 1 was nearly clear-cut, so that most 
of the pines were fully exposed Others, those that were under the 
crowns of the oalrn left, were given a greatly increased amount of light 
The stands left on Plots 3, 4, and 5 were uniformly distnbutod, 
except where openings m the onginal stand caused irregulantiee 
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2 Upon height growth and vigor of underplanted white pine 

The most striking response to the cutting upon the underplanted 
white pme was on the clear-cut plot at Higgins Lake The great 
increase in luxuriance and density of foliage on the pines was evi¬ 
dent to the most casual observer by the end of the second year 
On the more heavily cut portions of Plot 1 the pines showed the 
same reaction On none of the other plots, in either senes, was any 
such marked change in general vigor apparent 

The height growth after cutting is shown for both senes m 
Tables IX and X 

TABLE IX 


Average Height Growth, 1028 33 
Higgins Lake Plots 


Height 

class 

Feet 

Plot 1 

Plot 2 

Plot 3 

Plot 4 

Plot 5 

No 

tree* 

Feet 

No 

trees 

Feet 

No 

trees 



Feet 

No 

trees 

Feet 

1 


l 4 

El 

1 2 


06 

185 

07 

72 

30 

2 


22 

El 


250 

1 1 

274 

14 

160 

36 

3 


20 

Wm 


228 

1 7 

E3 

17 

100 

40 

4 


33 

112 


153 

20 

108 

20 

119 

45 

5 

72 

38 

75 


88 

26 

37 

24 

90 

49 

6 

40 

35 

56 

30 

44 

26 

23 

27 

66 

53 

7 

30 

41 

31 


21 

35 

9 

20 

27 

53 

8 

22 

43 

0 


8 

31 

3 

32 

10 

54 

0 

16 

51 

15 

40 

5 

38 

5 

35 

7 

59 

10 

8 

60 

5 

62 

1 

20 



5 

59 

11 

14 

58 

1 

41 

1 

45 





12 

7 

66 



1 

46 





13 

4 

5 8 









14 

4 

71 









15 

1 

68 









Total 

Average 

741 

20 

743 

P 

020 

16 

844 

■ 

725 

m 


The growth on the three Higgins Lake plots that were cut severely 
enough to produce an appreciable change m cover conditions has 
shown a marked increase over that on the control plot, with growth 
on the clear-cut plot the best of all The same sort of response has 
occurred on all the Fife Lake plots, except that the most heavily 
cut plot (Plot 1) has shown it to a smaller degree than mi ght, have 
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been expected on the basis of relative seventy of cutting This 
has been due largely, no doubt, to the rapid growth of red maple 
sprouts that resulted m the rather early overtopping of many pines 
on this plot 

A remarkable response m diameter growth took place m the 
Norway pines released by the cutting at Birch Lake The growth 

TABLE X 

Average Height Growth, 1029-34 
Fife Lake Plots 


Height 

elam 

Feet 

<1020) 

Plot 1 

Plot 2 

Plot 3 

Plot 4 

Plot 6 

Plot 0 

No 

trees 

Feet 

No 

trees 

Feet 

No 

trees 

Feet 

No 

trees 

Feet 

No 

trees 

Feet 

No 

trees 

Feet 

1 

338 

146 

E3 

001 

416 

1 27 

311 

128 

204 

000 

199 

072 

2 

176 

206 

237 

1 66 

206 

204 

280 

1 07 

113 

160 

98 

128 

3 

02 

268 

60 

202 

64 

2 30 

101 

2 42 

38 

200 

24 

188 

4 

10 

300 

10 

266 

0 

2 67 

37 

280 

1 

2 10 


2 27 

0 

2 

3 76 

4 

2 36 



0 

290 




330 

0 



2 

2 46 

1 

200 





II 


Total 

077 


083 


081 


741 


360 


328 


Average 


178 

, ^ 

1 27 


100 


170 


127 


101 


on the lightly treated plot was over one and one-half times as great 
as that on the cheek plot The growth on the heavily released plot, 
however, was found to be nearly two and one-half times as great as 
that on the check plot Diameter growth was thus almost directly 
proportional to the degree of release 

The diameter growth by crown classes is also of derided interest 
At the time the cutting was done it was felt that the suppressed 
trees (planted for over 16 years) could not be saved and that they 
would not respond to the cutting but would succumb from exposure 
On the contrary, they responded the best of all and grew almost 
as fast as the dominant and the intermediate trees Although no 
attempt was made to release suppressed trees on the lightly treated 
plot they responded by reason of the general release given to larger 
trees The diameter growth of these suppressed trees on the heavy 
release cutting was over three tunes as great as that on the check 
plot 

The response in height growth was not nearly so marked, and 
the average tree on the lightly treated area did better than the 
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average on the plot completely released The intermediate trees 
made a better height growth than those of any other class, but 
the greatest response to the cutting was again m the suppressed 
trees The height growth of the dominant trees — trees which al¬ 
ready had their crowns free when the cuttings were made — on 
the lightly released area was almost exactly the same as that on 


TABLE XI 

Basal Abba Growth per Ache or Residual Stand 
Higgins I<ake Plots 


Plot 

No 

Aspen 

Red maple 

Red oak 

White oak 


White pine 

Total 

Sq ft 

Per 

eent 

Bq ft 

Per 

oent 

Bq ft 

Per 

cent 

Bq ft 

Per 

oent 

Bq ft 

Per 

oent 

Sq ft 

Per 

oent 

Sq ft 

Per 

cent 

1 

0 558 

m 

0 836 

48 

1636 

n 

1023 

47 

0 461 

67 

tm 

m 

6 832 

49 

2 

hej 

id 

1 180 

62 

4 380 

III 

1638 

6 1 


72 

2 278 

m 

12 644 

62 

3 

2 104 

ta 

1214 

30 

7 120 

ED 

1674 

17 


11 


Eg 

12 432 

29 


TABLE XII 

Basal Abba Growth pbr Acre of Rehid ital Stand 
Fife Lake Plots 



the check plot The height growth of the dominant trees on the 
area heavily cut was less than that on the other two plots. 

The data for height and diameter growth after cutting express 
very well the reaction upon the released pines The general tend¬ 
ency was toward a marked increase in stockiness rather an 
increase m height. The observation that many spindly trees put 
on thicker foliage supports this conclusion. Many trees with de¬ 
formed tops put on definite leaders. No cases of injury to the pm * * 
as a result of exposure by cutting were noted. 
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Release Cuttings of Pine 

The slash left on the ground, although not lopped very thoroughly, 
did not seem to present any fire hazard three years after cutting 
The finer twigs had mostly fallen off and the stems were beginning 
to decay 

3 Upon basal area growth of uncut overhead cover 

The growth in basal area of the residual overhead cover on the 
various plots of the Higgins Lake senes is shown in Table XI, 
that for the Fife Lake senes, m Table XII This growth is for the 
first five-year penod after cutting These figures are of particular 
interest in the case of Fife Lake Plots 3, 4, and 5, since because of 
the type of cutting employed they indicate better than the other 
plots what may be expected of hardwoods on a site of this character 

It is noteworthy that the percentage of growth is greater on all 
the cut plots than on the corresponding control This is also 
true of the total growth in square feet of basal area, except on Plot 1 
of the Higgins Lake senes, which had most of the dominant trees 
removed Since there was practically no change in the crown density 
of Plot 4, Higgins Lake, the figures for this plot are not given 

4 Upon development of sprouts 

On the Birch Lake plots aspen suckers came up prohfically the 
year following cutting Three years afterward, however, none seemed 
sufficiently tall or vigorous to overtake even the smaller pines 

The situation was quite different on both the Higgins Lake and 
the Fife Lake plots. At Higgins Lake aspen suckers were numerous 
only on the more heavily cut portions of Plots 1 and 2 Because 
of the smallness of many of the pines the aspens overtopped them 
and needed to be cut by the fourth year after the original cut At 
Fife Lake there were so few aspens on the plots that suckenng has 
been negligible Bed maple sprouts have been much jnore senous 
than aspen suckers at both Higgins Lake and Fife Lake Maple 
sprouts have grown very rapidly and have again overtopped many 
of the pines They should have been cut the third year m order 
to keep the pines in an open position It is precisely on these por¬ 
tions of the plots that the pine is most in need of release, because 
wherever maple occurred in the original cover the pine was most 
badly suppressed 

A number of the oak and maple stumps at Higgins Lake were 
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treated with creosote to prevent sprouting This treatment was 
effective with oak, but only partially so with maple 

5 Upon various forms of damage 

Cutting operations on both the Higgins Lake and the Fife Lake 
plots resulted m some damage to both pines and hardwoods Some 
pines were broken by falling trees, others were buried by slash and 
killed Many badly suppressed pines on heavily cut plots died from 
the sudden exposure Another effect of cutting was a heavy increase 
in weevil damage on the clear-cut plot at Higgins Lake Weevil 


TABLE XIII 

Mortality and Injury 
Higgins Lake Plots 
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TABLE XIII {Continued) 

Mortality and Injury 
Higgins Lake Plots 


Plot 

No 

Height 

class 

Feet 

Number of trees 

Dead 

Damaged 

Weevil 

TiORging 

Other 

Total 

3 

1 

6 



5 

7 



5 



6 

11 



1 



6 




3 



3 

5 



1 



3 

3 


6 

2 






7 







8 


1 



1 


Total 

18 

13 


23 

36 

4 

1 

8 

1 


6 

7 


2 

2 

3 


2 

5 


3 


2 



2 


4 


2 



2 


ft 







6 







7 







8 


1 



1 


Total 

10 

9 


8 

17 

5 


62 


3 


11 



34 


1 

3 

29 



16 


5 


30 





2 

1 

29 



2 


1 

2 

21 


6 

2 


4 


8 


7 





5 


8 


1 



1 


9 


1 


• 

1 


Total 

121 

113 

,« 

6 

135 


damage has been slight on all the Fife Lake plots, and there is no 
apparent correlation between its occurrence and the degree of cutting 
Grasing cattle have broken more pines on the Higgins Lake plots 
than were broken in logging At Fife Lake injury to some pines 
has occurred subsequent to logging, probably caused by berry pickers 
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and others who have walked through the plots Most of the logging 
breakage occurred on pines over three feet in height Smaller pines 
were bent instead of broken and recovered when released On the 
other hand, the smaller pines are more likely to be buned in slash 
and not discovered for release This source of damage is more serious 
when cutting is done while the hardwoods arc in leaf 

Though a few of the smaller hardwoods were broken m logging, 
more senous damage was done by sunscald on aspen and red maple 
This occurred only on the heavily cut portions of Plots 1 and 2 at 
Higgins Lake 

The actual number of pines damaged on the Higgins Lake plots 
is shown m Table XIII, on the Fife Lake plots, m Table XIV 

CONCLUSIONS 

Release cuttings in mixed stands of aspen and young Norway 
pine are distinctly worth-while cultural operations The young 
pine, even when badly suppressed by taller and more vigorous 
aspen, respond unmediately to release in almost direct proportion 
to the degree of cover removal Suppressed trees benefit most 
by such cuttings The early reaction of the trees released takes 
the form of an increased stockiness, l e diameter growth increases 
at a higher relative rate than does height growth 

On most dry, sandy sites white pme is benefited during its early 
years by an overhead cover, but later growth is retarded After 
becoming established it should be released in order to secure satis¬ 
factory growth. Its response to such a release is prompt and roughly 
proportional to the degree of release However, a clear-cut ting of 
the overhead cover is undesirable because of the danger of increasing 
damage from weevils Moreover, if the pine has been left so long 
as to become badly suppressed it is likely to die if uncovered too 
suddenly 

Underplanting of white pine on spots occupied by maple and 
juneberry is inadvisable because of the prolific sprouting of these 
species after cutting 

Heavy BtandB of aspen when clear-cut produce a of suckers 
that offer worse competition to the pme than does the original « tn n d , 
unless the pme is large enough to keep ahead Partial cutting will 
probably lessen the production of suckers very materially, but fol¬ 
low-up release cuttings will be necessary if the pme is small. Another 
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Release Cuttings of Pine 
TABLE XIV 


Mortalitt and Injury 
Fir* Lakb Plots* 


Plot 

No 

Height 

class 

Foet 


Number per acre 


Dead 

Damaged 

Weevil 

Other 

Total 

1 

1 

54 

8 

12 

20 


2 

8 

4 

1 

6 


3 

1 





Total 

63 

12 

13 

25 

2 

1 

1 

2 

15 

17 


2 

2 

5 

2 

7 


3 

1 

3 


3 


Total 

m 

'■pgil 

17 

27 

3 

1 


4 

22 

26 


2 


2 

2 

4 


3 

H^Ssl 


1 

1 


Total 

48 

6 

25 

31 

4 


7 

7 

16 

28 



6 

2 


5 



2 

3 


3 








6 


1 


1 


Total 

15 

13 

19 

32 

5 

1 

22 

4 

27 

31 


2 

4 

4 

6 

10 


3 






4 


2 


2 


Total 

26 

10 

33 * 

43 

6 


16 

16 

43 

59 



16 

6 

1 

7 




2 

2 

4 




2 


2 


6 



• 



Total 

82 

26 

46 

72 


* Missing trees are tallied as dead, 
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method of reducing trouble from root suckers is to wait until the 
aspen is nearly mature before cutting 

Planting white pine under oak with subsequent release cutting 
is liable to be an expensive undertaking unless the overstory can 
be disposed of at a pnee sufficient to offset at least a large part 
of the cost of cutting Oak stands of merchantable size and of 
medium, but rather uniform, stocking offer the best opportunity 
for successful underplanting with pine and subsequent release cutting 
of a partial character Large openings in such stands should not 
be planted with white pine, since attempts of this sort have usually 
failed 

When a fully stocked oak stand is to be underplanted, it should 
first be opened as much as possible, leaving only enough cover to 
protect the site and prevent serious trouble from the white pine 
weevil Cutting and subsequent underplanting in stands of this 
kind should be delayed until they have reached merchantable size 
The first cut should remove as many as possible of the largest-crowned 
trees in order to reduce damage to the pines m later cuttings 

Where stands are now underplanted, and release cutting seems 
desirable, the cut should be made as soon as possible to reduce 
damage from breakage In such cases cutting should be done when 
the hardwoods are bare to reduce the danger of killing pines by bury¬ 
ing them with slash 

When red oak is removed in a release cutting, treatment of the 
stumps with creosote will practically eliminate sprouting and the 
necessity for later cuttings White oak that is forty years old or 
more has little or no sprouting ability in the northern portion of 
the Lake States 

Lopping and scattering of slash have proved to be satisfactory 
in all cases 



THE GEOGRAPHIC FACTOR IN THE DISTRI¬ 
BUTION, TRENDS, AND PEAKS OF THE 
POPULATION OF PUERTO RICO, 
1900-1930 

LYMAN D BOTHWELL 
GEOGRAPHY AND CLIMATE 

T HE density and the distribution of population in Puerto Rico 
has been conditioned by the geographic factor This island, 
which is 100 miles in length and 36 in width and almost rectangular, 
with its longer axis lying east and west, is well within the tropics, 
since 18° N Lat almost coincides with the southern coast It is 
part of the great volcanic range that constitutes the Antilles Trav¬ 
ersing it from east to west (22 miles from the northern coast and 
nearly 14 miles from the southern coast) is a broken range of low 
mountains, which, toward the eastern comer of the island, trends to 
the northeast, where it enters the sea It ranges m elevation from 
2,000 to 3,000 feet, with occasional summits slightly above 3,000 
feet and gaps slightly below 2,000 feet From its crest the island 
slopes northward in broad undulations, deeply cut by streams that 
give most of the interior a steep, hilly surface, gradually becoming 
more level until near the coast it spreads into broad, level playas, 
which extend up into the valleys of the larger nvers, averaging six 
miles in width on the northern coast and three on the southern 
coast This range, which is the water divide, is flanked on the north 
and the south by limestone deposits dissected by erosion into foot¬ 
hills On the northern slope the nvers are long, slow, and meander¬ 
ing On the southern they are steep and short, and because the 
south flank has more of a limestone subsoil it is usually overdrained 
In this humid climate erosion has been so active and so long con¬ 
tinued that there is no trace of an original crest, and the unaltered 
rock is often covered to a depth of 100 feet 1 

> Commercial Porto Rim mi 1906, Department of Commerce and labor, 
p. 6. Washington, 1007. 
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Puerto Rico has a uniform climate and a slight range of temper¬ 
ature. The only distributional differences m temperature are due to 
altitude Lying in the tropics, the island is within the region of the 
northeast trades, which blow with great regularity. The annu a l 
temperature ranges from 75° to 85° The a nn ua l r ainfal l averages 
55 inches on the north coast and about 30 on the Bouth. Here 
irrigation is necessary, since the nvers are steep and short and, as is 
usual in limestone areas, much of the drainage is underground 
Some of the topographical characteristics are the Bmall flat val¬ 
leys in the mountains and the large, depressed drainage basin of the 
Loiza and Rio Grande, where erosion has forced the mountain mass 
back almost to the south shore The coast is low (alluvial and 
recent lagoonal), and for the most part simple, with few good har¬ 
bors, the best of which is that of San Juan on the north coast. 

POPULATION 

Puerto Rico is not only densely, but also relatively evenly, pop¬ 
ulated In 1930 the urban population was 403,796 in 73 towns of 
over 1,000, and the rural population 1,140,117. The density, which 
in 1900 was 277 persons per square mile, increased to 450 per square 
mile by 1930, and the total population increased from 953,243 in 
1900 to 1,543,913 in 1630 This great density is to be explained in 
terms of the fertile soil, the equable climate, and the abundant rain¬ 
fall, as well as in terms of the cultural pattern. The salient point in 
population is a continuous, uniform growth of nearly 2 per cent per 
annum since 1900 At this rate the population will double itself in 
about forty-four years This is slower than are most known rates 
of population doubling, as computed by Mark Jefferson. 1 No mu¬ 
nicipality has a density twice that of any other municipality, which 
is evidence of the even distribution due to intense cultivation. 

If we examine the map of population distribution for 1930 (Map 
1), we see that the northern half of the island is more densely popu¬ 
lated than the southern half. Here the effect of the more equable 
climate, the more abundant rainfall, and the gently sloping area on 
the population distribution is apparent 

Owing to the fact that the coast is a rich alluvial pi*™ varying 
m width from 3 to 7 miles the population here is denser than that in 
the interior, which is a broken and steep group of foothills 

* Jefferson, Mark, "Looking Back at Malthas," Gtog. Rip., 15,182,1885, 
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The accompanying maps show the distribution of population in 
1930 (Map 1), as well as the peak (Map 2) and the trends (Map 3) 
by bamos (wards), which are the smallest civil divisions There are 
695 of these wards with an average area of 5 miles Map 1 mcludes 



rural and urban population (towns of over 1,000 inhabitants), Maps 
2 and 3 show only rural peaks and trends (San Juan included) 
Examining Map 1 we see that the density is more pronounced 
than in 1900, and that there has been a decided growth in the sue 
of the towns (represented by spheres), and a shift of density from 
the interior to the coast due to failure of the coffee industry, and a 
general shift from west to east and from south to north which can 
be attributed to urbanization and the increasing importance of 
sugar cane and citrus fruits in the wide alluvial northern plains, as 
shown by the export figures in the following table' 

1900 1990 

Sugar . <8,750,000 158,070,000 

Citrus fruits 250,000 8,000,000 

Total 84,000,000 161,070,000 

The density increase in the southeast is noticeable and is due to the 
large irrigation projects which have been finished in that region 
since 1900. The northwest, which in 1900 was more densely popu- 
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Map 2 




Map 3 
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Geography of Population of Puerto Rico 

lated than the northeast, is less densely populated in 1030, owing to 
the decline of the coffee industry and urbanization in the northeast 
The whole depressed drainage basin of the Loiza and the Rio 
Grande has shown a large increase, both rural and urban, due to the 
rapid growth of the tobacco industry, exports of which were $645,000 
in 1900 as compared to $12,000,000 in 1930 The two wards, to the 
east and the west of San Juan (the largest urban center), labeled A 
and B, respectively, show a marked population gradient, as in the 
Hackensack Meadows of New Jersey,* where the land is low and 
swampy 

The urban population (consisting of the population of towns of 
1,000 persons or over) has increased much faster than the rural, 
from 210,983 persons in 60 towns in 1900, to 403,796 persons in 73 
towns in 1930, an increase of 91 6 per cent, while the rural population 
increased from only 742,300 to 1,140,117 persons, an increase of 
397,917, or only 54 per cent If we use the United States census 
classification of “urban” (2,500 persons or over), the urban popula¬ 
tion increase in the same period is 208 per cent, and the rural popu¬ 
lation increase only 37 per cent Both these methods show a rapid 
urban growth, which is in part due to the extension of the road sys¬ 
tem In 1900 there were 285 miles of improved road, whereas in 
1930 there were 1,100 miles It is also in part due to the increase 
in the average land holding In 1900 the average fann was 123 
acres, in 1930, 37 3 acres In 1900 there were 39,021 farms and 
478,000 acres in cultivation, whereas in 1930 the acreage had in¬ 
creased fourfold and the number of farms had increased only by 
34 per cent, that is, from 39,021 to 52,965 In 1900 Puerto Rico 
was essentially the land of the small farmer; m 1930 it was the land 
of the large landowner, over half of the land in cultivation being 
owned by 100 persons or corporations The resulting landless have 
gravitated to the cities, as the growth of slums vividly»testifies 

The population density in 1900 was 277 persons per square mile, 
and this had increased to 450 by 1930 and to 486 by 1935, even 
though, according to estimates, 158,000 Puerto Ricans emigrated to 
the United States and South America between 1910 and 1930 4 It 

1 See Wolfe, A B, “Some Population Gradients m the United State*,” 
Qeog Em, 18 201-301 1028 

• Bulletin o/ Bureau of Foreign and Domestic Commerce, No 785, p 2 Wash¬ 
ington, D C, 1032. 
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should be pointed out that this increase is due more to a decrease of 
the mortality rate, than to an increase m the birth rate Population 
increased from 1899 to 1910 at the rate of 15,000 persons per annum; 
from 1910 to 1920 at the rate of 18,100 per annum, and from 1920 
to 1930 at the rate of 24,500 per annum This represents an increase 
at the rate of 1 6 per cent per annum for 1899-1910, 1.8 per cent for 
1910-20, and 2.2 per cent for 1920-30 The average per annum 
increase from 1930 to 1935 has been 30,800, or a 2 per cent increase 
In the same penod the total population increased to approximately 
1,698,000, as of June 30, 1935 

Food has never been a checking factor on the population growth 
of Puerto Rico, if there is a chock it is what Jefferson calls a luxury 
check, coming from those to whom hunger is unknown The devel¬ 
opment of transportation, of irrigation, and of the use of fertilizers 
has increased the food supply much faster than population has 
increased 

San Juan owes its great growth, from 32,048 in 1900 to 115,000 
in 1930, to its being the best port and the chief commercial city, as 
well as the capital, and to the existence of large numbers of landless 
who flock to it in search of a livelihood 

Map 3 shows population trends divided into four categories/ as 
follows* 

A — Still growing 
B — Decline leas than 25 per cent 
C — Decline 26 to 50 per cent 
D — Decline more than 50 per cent 

The firat category shows clearly that the greater portion of the 
northern half of the island is still growing and that, with few excep¬ 
tions, all declines in this region have been less than 25 per cent. 
Under this category we can class. (1) practically all the northeast 
section (urbanization and tobacco); (2) practically all the southeast 
section (recent irrigation), and (3) practically all the northern half 
(cane, urbanization, tobacco, and citrus fruits) Under the second 
category, 0-25 per cent, there is no noticeable trend. 

The third category, 25-50 per cent, 1 b limited almost entirely to 
the western area, especially the northwestern, where the coffee 

* According to Professor S D Dodge’s method outlined in 41 A Study of 
Population in Vermont and New Hampshire,’’ Pap Mush, Acad Be s Arte and 
Letters, 18(1932)* 131-132 1933, and 14 Population Regions of the United 
States, 4 ’ ibid , 21 (1935) 347 1936 
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region lies. This is due to the continuous decline in the exports of 
coffee caused by the loss of world markets and accelerated by the 
hurricane of 1928. Coffee exports in 1899 amounted to 88,790,000, 
in 1930 they were only $151,000 

The fourth category, over 50 per cent, except for one ward in the 
northern part of the island, is restricted to this coffee region and 
accentuates the magnitude of the decline It also emphasizes the 
marked correlation which exists m Puerto Rico between population 
trends and the value of crops 

Map 2, the population-peak map, brings out in a clearer way 
some of the characteristics of the trend map The white area (still 
growing) shows just how much greater is the area of growth than 
that of declme, and demonstrates more clearly just how great is 
the area that is still growing in the eastern region, especially on the 
large depressed drainage basin of the Loiza and the Rio Grande, the 
tobacco region Again, the predominance of the peaks in 1899 and 
1910 in the coffee region indicates when these bamos had their 
better days The peaks which occurred previous to 1930 were dis¬ 
tributed thus: 222 m mountain bamos, 46 m foothill bamos, and 
30 in coastal bamos They clearly; point to a downward movement 
of population. 

CONCLUSION 

This study of population distribution, trends, and peaks, with 
the barno as a basis, shows markedly the influence of the geographic 
factor on the density and the distribution of population, and the 
influence of the cultural and economic pattern on the trends of 
growth and on the year of peaks. A detailed study would show still 
more significant trends, by subdividing the first category (still grow¬ 
ing) into different rates of growth, but in the present discussion it 
would put too much detail on one map , 

Umvsasnr or Michigan 




A STUDY OF THE ORIGINAL VEGETATION 
OF WAYNE COUNTY, MICHIGAN* 


W BRUCE DICK 

AN ORIGINAL-vegetation study of an area falls into the “natu- 
il ral-setting” category of geographical investigation For such 
a study I have selected Wayne County, Mu higan Although aborig¬ 
ines were known to exist in this locality, their influence on the 
original vegetation is so slight that it is considered negligible Thus 
the cultural aspect in reference to vegetation at this early period 
may be disregarded entirely 

The surveyors working under the General Land Office survey of 
1785 witnessed their stakes by blazing two trees, and at the same 
time recorded in their field books the kind, the diameter, and the 
position of these trees in relation to the stakes At the present 
time each county surveyor m the state has a copy of these field 
notes for his county 

On the basis of these notes the various kinds of trees were given 
their recorded position on a base map of the county in selected 
colors Then the tree combinations were noted and the association 
boundaries drawn Black and white symbols could have been used 
to represent the trees, but colors made it possible to recognize the 
associations more readily 

This method was utilised throughout the map (Map 4), except 
that in the northeastern part of the county a preexisting survey, 
known as the “private claims” or the French Land Surtey, required 
that the method be altered In Cadillac’s time the French were 
interested in water frontage mainly and ran their surveys at right 
angles to the shores of the nvers and the lakes There are no wit¬ 
ness trees recorded on the General Land Office Survey maps for the 
area shown by short dashed lmes 

The private claims area thus required a different treatment in 

* Collection of the data was made while the author was an Earhart Founda¬ 
tion Scholar at the University of Michigan in 1985 
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reconstructing the original vegetation Professor Veatch’s system of 
naing soil types as an aid ui determining natural vegetation was con¬ 
sidered, but the needed detailed soil map of Wayne County was 
found wanting 1 The generalized soil map of the Detroit area pre- 



Map 4 


pared by McCool and Grantham made it possible to reconstruct the 
vegetation types with less detail than appears in the rest of the vege¬ 
tation map of the county.* 

i Veatch, J. 0, “Reconatruotlon of Forest Cover Baaed on Soil Maps," 
The Quarterly Bulletin of the Agricultural Experiment Station, Michigan State 
College, 10, No. 8 • 116-128 

• MoCool, M M., and Grantham, O M,, "Soil* of the Detroit Area,” 
Minhig an Agricultural College Experiment Station, Soils Section, Special Bulletin 
No 104 , November, 1920. 
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Original Vegetation of Wayne County 

The classification of vegetation used in this study consists of 
four types (1) oak, with a few hickories interspersed; (2) beech, 
with a few maples; (3) prairie, and (4) swamp 

In the southern part of the county is concentrated the oak- 
hickory association shown by the coarse stippling Here also the 
better-drained brown sands are found The generalized soil map 
indicates a continuation of the brown sands extending north into the 
center of the county and surrounding a small area of sandy loam 
The sandy loam in this county correlates well with the beech-maple 
group shown by the vertical lines However, the fact that the oak- 
hickory type is not so extensive as the brown sand might suggest 
is the result essentially of drainage conditions The witness trees 
indicate here, instead of the oak-hickory type, a preponderance of 
swamp type, which reflects poorer drainage or thp presence of stream 
bottoms The island of oak-hickory in the northwest section seems 
to be situated on the edge of the brown sands and sandy loams, 
where the drainage is somewhat better 

In the northwest part of the county one finds a concentration 
of the beech-maple type In regard to characteristic soils the sandy 
loams are associated with this vegetation type, which was also found 
to be representative of the higher and better-drained areas of this 
soil class. Hence the beech-maple combination is a little more re¬ 
stricted in area than the distribution of the sandy loams would sug¬ 
gest The small patch of beech-maple shown in the southwest 
corner, along the county’s west boundary, correlates well with a 
small protrusion of sandy loam from a larger area of the same soil 
class in the adjacent county 

The prairies constitute rather small scattered areas, shown by 
the fine stippling. In most cases the surveyors did not distinguish 
between the tall- and the short-grass prairies, but merely recorded 
that the stake was in “prairie.” A few such recordings were found 
in the southwest section of the county and perhaps could be related 
to the "oak openings” that occur in oak associations elsewhere 
Some areas of this type were noted along the southern shore of the 
Detroit River, and although the evidence is concealed by the private 
chums section, it is reasonable to assume that narrow stnpe of prairie 
existed here and there along the shore farther north, because of the 
wet lowland soils there. Additional studies of the soils may yield 
more definite information cm this point. 
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The swamp type is represented by diagonal lining In this group 
are found principally ash, sycamore, “poplar,” “aspen,” elm, willow, 
and ironwood* In several places the surveyors recorded that the 
stake was in “swamp,” a designation similar to “praincs ” Dis¬ 
tribution of this type corresponds to that of much heavier soil classes, 
such as silt, clay, and fine sandy loams These heavier soils and the 
swamp type occur especially in the middle-western portion of the 
county and in the northeast 

To get a somewhat better notion of the relationships of vegeta¬ 
tion, soil, and surface diagrammatic cross sections were made from 
south to north m the western half of the county, where the informa¬ 
tion was not obscured by “private claims” (text Fig. 9) 

The location map of the county shows m the lower nght-hand 
corner the position of these graphs and cross sections The numbers 
at the right of each pair of graphs correspond with the numbers at 
the foot of the location map The oak, hickory, beech, and maple 
trees were counted within the boundaries of each surveyor’s section 
from south to north along the line Consideration of the swamp type 
was omitted because the illustration of the point that the oak-hickory 
were concentrated in the south and the beech-maple in the north 
was particularly desired However, where the total height of the 
column is low, it can be understood that the swamp-type trees were 
numerous In other words, had all the trees been considered, the 
height of the bars would be constant Solid black represents the 
oak, and stippling indicates the hickory Each of the three bar 
graphs shows a preponderance of the oak-hickory association in the 
south A possible exception is perhaps noticeable in the second graph. 
This concentration of oak-hickory in the north corresponds to the 
island of oaks referred to earlier and may be due to local charac¬ 
teristics of the soil and drainage, which the generalised soil map 
does not reveal 

The graphs also appear to support the generalisation tha t the 
beech-maple type dominates in the northwest part of the county. 
Although it is not so obvious as in the case of the oak-hickory, yet 
there is a concentration of the diagonal and the vertical repre¬ 
senting the beech and the maples respectively 

In turning our attention to the surface cross sections below the 

1 Species of trees are not indicated in the field notes The terms “poplar” 
and “aspen” may have been loosely used, as they commonly an today 
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bar graphs it should be pointed out that the vertical scale is greatly 
exaggerated The United States topographical sheets furnished in¬ 
formation concerning the surface, and the map mentioned earlier 
supplied the soil data 

The first pair of graphs show the oak-hickory on brown sand and 
extending over a little to the sandy loams, whereas the beech and 
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DIAGRAMMATIC STUDIES OF WAYNE CO 


BAR ORA PM SHOWS PRO PORT OH OP OAK HICKORY BEECH 
MAPLE TREES BY SECTIONS 


Fig 9 


maples extend the rest of the way northward The small patch of 
brown sand in the north in the sandy loam area seems to have no 
particularly important limiting qualities 

In the second pair of graphs one notices a little more variety 
in surface and soil One of the interesting features here is the pres¬ 
ence of maple on the patches of heavier silt loams in the south, but 
the absence of beech The detached body of oaks shown in the north 
section of the bar graph is not clearly accounted for on the basis of 
the cross section below However, more detailed knowledge of the 
soils might provide the needed explanation. 
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The bottom pair of graphs show relations essentially similar to 
those below In the south there are a few beech trees worth noticing 
which appear on the protrusion of sandy loam already referred to. 
The line of cross section is tangent to the boundary of this soil class 
and, consequently, the soil does not show on the graph Vegetation, 
however, not always being restricted so sharply as soil, spreads over 
the boundary a little, and this accounts for the presence of the 
beech m the left part of the bar graph The increase m relief of this 
cross section is due to the crossing of the northwest corner of the 
county by the edge of a morainic belt The McCool and Grantham 
map is concerned with the old glacial lake soils, so that this small 
portion of the northwest comer was not classified The drop in the 
height of the columns reflects the presence of the swamp association 
There are two areas of particularly poor drainage and heavier soils 
which support the swamp type* one in the middle of the cross* 
hatched area representing silt loam, and the other at the foot of the 
morainic belt 

It has been pointed out that the field notes of the General Land 
Office survey afford a basis on which to reconstruct natural vegeta¬ 
tion Attention has been called to one difficulty in this method, 
but the occurrence of private claims did not interfere seriously with 
the use of the field notes, for their area is relatively small Where 
detailed soil surveys exist, it is well also to reconstruct the vegeta¬ 
tion in the manner Professor Veatch suggests and then to check the 
results of each method by the other 

Work of this kind has already been done in southwestern Michi¬ 
gan * In the future may there be more, for if geography mm* at a 
complete desenption and interpretation of the. earth’s surface and 
the regional method of study is a vehicle to this end, then a small 
investigation such as this may be regarded as a portion of a much 
larger regional undertaking 

The writer is grateful to Professor S D. Dodge for criticism and 
advice generously offered during the preparation of this paper. 

Uwtvxmitt or Michigan 

* Kenoyer, Leslie A, “Ecological Notes on Kalamasoo County, Mishign, 
Baaed on the Original Land Sumy,” Pap Mteh. Acad. 8a, Artt and LtUtn, 
11(1939) 211-217 1930, and “Forest Distribution in Southwestern 
as Interpreted from the Original Land Survey (1830-32),” ibid , 19(1988): 107- 
111 1984. 



THE CHOROLOGY OF THE CLAREMONT- 
SPRINGFIELD REGION IN THE UPPER 
CONNECTICUT VALLEY IN NEW 
HAMPSHIRE AND VERMONT 

STANLEY D DODGE 

M UCH of the writing of geography treats regions as static, as 
being, whereas it is the becoming which is important What 
processes have shaped regions, what processes are continuing the 
elusive transformations, and what are the trends for the future 
(bamng alterations in the basic data) — these are the questions which 
excite the field geographer. The following paragraphs are designed 
to illustrate the becoming of a small region on the upper Connecticut 
River and two of its tributaries, one in New Hampshire, and one 
in Vermont 


DELINEATION OF THE REGION 

The area under discussion (Map 5) will be called for convenience 
“the Claremont'Spnngfield region,” a name taken from the two 
small manufacturing towns which dominate it, Claremont up the 
Sugar River in New Hampshire and Springfield on the Black River 
in Vermont. The names of human agglomerations are often used 
as regional names, because they are conspicuous features of the local 
landscape, but m this case they actually designate a man-made area, 
one delineated by the trade of the two principal towns In the 
processes of the occupance of the Connecticut Valley in New Hamp¬ 
shire and in Vermont a certain tract of land has become the umland 
of Claremont, and another has beoome the umland of Springfield. 
These two umlands are practically indistinguishable along their 
mutual boundary, for the Claremont umland laps over the Connect¬ 
icut River into Vermont, and it has been convenient, therefore, to 
consider them a single human region with two economic foci. 
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Nuclear Sites 

The boundaries of umlands are established by people living and 
working in an area and, by some kind of decision, coming to trade 
habitually at a certain center The center itself, like the boundary, 
is not static, but mobile, and this movement is a part of the becoming 
of the area The boundaries of the Claremont-Spnngfield umland 
were made by people occupying the Upper Connecticut Valley m 
the eighteenth tontury, who linked themselves to Claremont on the 
east of the river and to Springfield on the west In the case of Clare¬ 
mont the economic development at the original center has been in¬ 
tensified ori the original site, in the ease of Springfield, the original 
site has been abandoned, and a new site several miles away has 
become the economic focus of its umland The site occupied by 
a nucleus of people starting a sequence of oceupancc m an area 
may be called the “ nuclear site ” 

SITE OF CLAREMONT 

On the Sugar River tributary of the Connecticut m the west- 
central part of Sullivan County, New Hampshire, there is a large 
area of level, flood-plain, meadow land It has developed above 
a temporary base level occasioned by the river's here crossing the 
prominent western edge of the New Hampshire plateau before falling 
to the level of the Connecticut Valley On the north and the south 
sides of the Sugar River flood plain, and thirty feet above it, terraces 
occur (Map 5) On the southern of these terraces the nuclear village 
of Claremont was planted in 1762 From this center the population 
region comprising the umland of the town has grown by pushing 
back the frontiers till they met those of adjacent population regions, 
Lebanon on the north and Bellows Falls on the south, Newport on 
the east and Ludlow, Vermont, on the west • 

SITE OF SPRINGFIELD 

The original settlement at Springfield was developed by colonies 
coming from farther south in the Connecticut Valley, 1 Before the 

1 From Northampton, Massachusetts The colonies near by settled at 
Weathersfield, from Wethersfield, Connecticut, at Hartford, from Hartford, 
Connecticut; and at Windsor, from the town of the same name in Connecticut. 
These four Connecticut and Massachusetts towns were early offshoots of the 
main area of settlement about Boston 



338 Stanley D. Dodge 

settlement, the Upper Connecticut Valley was practically a wilder¬ 
ness, but it had at least been explored, for in 1760 General Amherst 
had constructed a road from opposite Old Number Four 1 across the 
hills and mountains of Vermont to Crown Pomt on Lake Champlain 
This was built primarily for military purposes, but its location be¬ 
came important m connection with the founding of Springfield on its 
nuclear site. 


The Crown Point Road 

At the confluence of the Black River the Connecticut is less than 
300 feet above sea level. Rising sharply above the Connecticut, the 
eastern edge of the Vermont Plateau presents a steep face toward 
the nver, the cliff rising 600 feet in Skitchewaug Mountain,' a mile 
and a half above the confluence, although it rises less up and down 
the mam river. Through the highland indicated by this escarpment 
the Black River flows in a gorge more than four hundred feet deep 
At the date of the building of the military road the Black River 
gorge was filled with a tangle of swamp which made going difficult. 4 
To avoid this, General Amherst had the road built up a steep and 
narrow ravine at the south end of Skitchewaug Mountain, to attain 
the relatively easy going of the surface of the plateau 

Once on the plateau, the Crown Pomt Road, still traceable in 
lanes and byways, strikes northwest to the slope of a broad ndge 
at Cross Roads 938 This is the site of Eureka,' the original village 
from which Springfield sprang Here on the old road a tavern was 
built (1772) to accommodate wayfarers All that remains of the vil¬ 
lage that grew up near the tavern is a yard of ancient graves sur¬ 
rounded by a metal fence 

The second settlement was at Sartwell’s Hill, and the third at 
Parker Hill, on the border between the present townships of Spring- 
field and Rockingham Shortly afterward a settlement was made 
at the place significantly called Hardscrabble Comer 

1 Charlestown, New Hampshire, settled in X787. 

* This and other details may be seen on the Claremont, N H.-Vt. Sheet of 
the United States Geological Survey 

4 Hubbard, C Horace, and Dartt, Justus, History of the Town of Spring- 
field, Vermont, mth a Qenealogieal Record (Boston, 1895); Baker, Mary Eva, 
“The Old Crown Point Road Its Place in History," iiagaotm of History, 
10.969-274 1909; 11 22-26,90-104.1910 

* Still locally so called on signposts. 
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Springfield 

The site of Springfield itself, originally known as Lockwood's 
Falls, was the swamp on the north side of Black River Just up¬ 
stream from the center of present-day Springfield a ledge of resistant 
rock underlies the nver, forming the first of a senes of falls and cas¬ 
cades over which the river flows on its way through the gorge to 
join the Connecticut Above the ledge, meadows and terraces of 
gravel occur, as at Claremont (Map 5) Downstream from the ledge 
the terraces are swampy, but adjacent to water power It was this 
fact that occasioned the establishment of Spnngfield m the swampy 
section of the gorge The first step m the establishment * was the 
location of a sawmill at one of the falls m 1774. This became an 
economic focus secondary to that at Eureka on the hillside to the 
northeast and to the other hill settlements From time to time 
other mills were established on the convenient water power, a grist¬ 
mill and a sawmill, 7 and the significance of the swampy terrace 
above the tumbling Black River was enhanced. In this way a 
second economic focus became fixed relatively permanently in the 
Springfield area; the original Eureka settlement began to assume 
the aspect that it has today, and as the boundaries of the Spnng¬ 
field umland enlarged they pressed against those of Claremont till 
the two areas fused in effect, and Spnngfield from the second economic 
center of its own umland became second in the larger complex, in 
which it shares dominance with the New Hampshire town 

Growth and Decline in the Region 

The Claremont-Springfield region, defined in tenns of population 
conditions, ib revealed by the map showing growth and decline of 
population (Map 6) to be but a portion, one section as, it were, of 
a larger region which has been able to maintain its population, in 
part at least, although it is surrounded on all sides by areas which 
have suffered marked decline When townships have lost more than 

1 Hubbard and Dartt, op at 

7 It has not been stressed frequently enough that the original settlers in 
New Entfand, far from being the “choeen people of a chosen people," were, 
on the whole, ill equipped for the American adventure They were not primarily 
farmers, but small townsmen, "maehanicks,” etc Is it little wonder, then, that 
manufacturing should have made an early appeal and have had an early develop¬ 
ment on the numerous streams of the New England upland? 
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Map 6 Population growth and decline 

1 Claremont 

2 Springfield 

A Still growing (1030) 

B Decline less than 25 per cent 
C Decline from 25 per cent to 50 per cent 
D Decline more than 50 per cent 
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fifty per cent of the population which they had at a peak, the decline 
has been considered to be marked 8 

Detailed studies in other parts of New England have shown that, 
even where the population of a township has been able to maintain 
itself in a growing state, it is actually only the “center” that is 
growing, whereas the peripheral portions have suffered loss 9 Field 
surveys made in the summers of 1933 and 1935 show that the same 
eoudition obtains in the Claremont-Springfield region Consequently, 
if the larger area of maintained population of which the region here 
under discussion is a part has Income separated from similar areas 
elsewhere m New England by tracts of land with marked decline 
in jiopulation, it is not surprising that the Claremont-Spnngfield 
region is found to be hedged about by its own periphery of decline 
This is indicated in two ways, by abandoned land, or land in the 
process of abandonment, and by abandoned roads and houses 
Abandoned land does not mean necessarily that population has de¬ 
clined, it may mean merely that a more intensive economy charac¬ 
terizes the land remaining m cultivation Therefore the abandonment 
of roads and houses, particularly the former, has been taken as an 
index of the zone of decline surrounding tin* Claremont-Springfield 
umland This, however, is a function of the use of roads in the 
area and requires separate treatment 

Road Turnings and Roads 

The general aspects of umland analysis in terms of roads have 
been discussed m another connection, 10 all that is needed here is a 
presentation of the results of tho particular field investigations about 
Claremont and Springfield These are shown on Map 5 

roads 

Within the framework of the umland boundary Claremont, 
Springfield, and a number of smaller villages, serving locally within 

• Dodge, 8 D, " A Study of Population in Vermont and New Hampshire," 
Pap Midi Acad 8ci , Art* and Letters, 18(1932) 131-138 1933 

0 Bennington, Vermont, for example, was still growing in population at the 
1930 census, but its margins were certainly declining For details see 8 D Dodge, 
"The Vermont Valley a Chorograplucal Study," Pap Mxch Acad Scu, Arts 
and Letters, 16(1931) 241-274 1932 

10 Dodge, 8 D, "Bureau and the Princeton Community," Ann Am Awn 
Geoff, 22(1932) 159-209 
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the area, have become the dominant centers To them the outlying 
portions are united by a network of roads, which, except for the 
mam ones, thin out into abandonment as they approach the margins 
of the area 


Roads about Claremont 

Mam roads 

Two main roads cross at Claremont One is the north-south 
road along the Connecticut, which boars east to include the city of 
Claremont, the other is an east-west road along Sugar River The 
mam road from the south leaves the terrace of the Connecticut River 
at North Charlestown, mounting to a higher terrace between Cala- 
vant Hill and the mam upland at Perry Hill Calavant Hill is a 
portion of the upland of New Hampshire detached from it m pre- 
glacial times and now surrounded by Pleistocene lacustnne deposits 
The lacustnne deposits here have been eroded by Hubbard Brook, 
and the mam road follows up the broad valley thus formed to a low 
pass 11 which leads to the high terrace at Claremont Continuing 
north from Claremont, the north-south road crosses Sugar River 
above the falls and ascends a small ravine to a low pass by which 
it reaches Stevens Brook, to follow that to its head, where another 
low pass leads to Redwater Brook Up a tributary tp that stream 
the mam road passes out of the area on its way to Lebanon 

The east-west road follows the north bank of Sugar River east¬ 
ward from the Connecticut River till it crosses to the south side 
into Claremont. It leaves Claremont by the bndge used by the north- 
south road, but turns east immediately along the terrace of Sugar 
River till the north terrace pmches out two miles from Claremont, 
when the road rises to the lower slopes between the nver and Green 
Mountain and so leaves the area for Newport 

Minor roads 

Whereas the main roads are of concrete, the minor roads are 
generally of gravel The outstanding fact which gives a basis for 
subdivision into secondary and tertiary categories is that the most 
used minor roads (Class II) may be improved for some distance 
from the central town, whereas tertiary roads are mostly of graded 

11 Probably a channel for the overflow of water from Sugar River when the 
glacier blocked the main outlet 
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dirt, except where, in their least used portions, near the boundaries, 
they peter out and are wholly unimproved Thus the road leaving 
Claremont on the southeast is of concrete through Puckershire as 
far as the Sullivan County Home, but is continued by graded gravel 
over the hill to Unity The tertiary road over Straw Hill is almost 
impassable, but, within the limits of the Claremont umland, is of 
passable graded dirt between West Unity and the uppermost house 
on the north side of Straw Hill The road from West Unity to Umty 
could not be traveled m the summer of 1935, because bridges were 
out of repair and the roadbed was wet and grown up to grass. 

Roads about Springfield 

Main roads 

The mam highway north on the west side of the Connecticut 
River is of concrete north of the Cheshire Toll Bridge, which forms 
a link on a through route from southern New England and New 
York to the White Mountains South of Springfield the road on 
the west side of the Connecticut is of minor importance and conse¬ 
quently has not been kept m good condition 

From the Cheshire Toll Bridge a' concrete road runs up the Black 
River through Springfield to North Springfield, where it divides and 
becomes graveled One section continues northward to Perkmsville 
beyond the Springfield umland, while the other ascends Great Brook 
and passes beyond the area near Davidson Hill 

Minor roads 

Minor roads 111 a great network converge on Springfield and 
North Springfield The latter is tnbutaiy to the former and thus 
makes a minor nexus in the road pattern The whole of the extinct 
township of Baltimore, from Old Shincracker to Hawk’s Mountain, 
embraces a territory served by mmor roads which lead toward North 
Springfield Weathersfield Center (PI XXXVIII, Fig 1) is no longer 
active in the economic life of the area, but it is connected with Spring- 
field and with Claremont by secondary roads A short cut from 
Springfield to Claremont, the most used connection between the two 
centers of the compound umland, runs by way of Spencer School 
and the long slab down the slope below Rattlesnake Hill to the 
main road along the Connecticut, two miles below the little village 
of Weathersfield Bow. 
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GEOGNOSTIC ASPECTS OF THE REGION 


The Clarcmont-Sprmgfield area is characterised by two main 
types of land surface These underlie the whole geographical com¬ 
plex of the region, and their details, finding surface expression m 
varying qualities of rogolith, slope, and ground water, are among the 
chief nonhuman factors m the complex The character and the 
aspect of each of the types cannot be dis< ussed apart from a con¬ 
sideration of the agents which have been responsible for their forma¬ 
tion Two have been at work here, the streams and the continental 
glacier, the streams created an original surface, which the glacier 
and the streams acting together have modified It ih the modifi¬ 
cation which gives the two land-surface types (1) the upland areas 
affected chiefly by glac lal erosion, and (2) the lowland areas along 
the principal streams, which have received their present charac¬ 
teristics largely as a result of fluvio-glacial (lacustrine) deposition 
(PI XXXVIII, Fig 2) 

Uplands 

The uplands of the Claremont-Springfield area comprise a sec¬ 
tion of the New England “peneplain ” 15 The crests of the hills, 
rising to a general level of 1,300 feet, give a horizon which is broken 
only by the great and small monadnocks Of these, Mt Aseutney 
is the chief Lesser hills rising more than 200 feet above the 1,300- 
foot “surface” occur on the margins of the area and represent the 
surface of a higher “peneplain” Differences of clevatiop between 
points less than two miles apart reach as much as a thousand feet, 
giving boldness and precipitousness to the slopes, especially near 
streams The general surface is mature, except for the glacial modi¬ 
fication, but occasional youthful areas, bordenng the major water 
courses, suggest the amount of modification by streams which has 
taken place The mature surface was developed on a complex of 
gneisses and schists, with the result that differences in the texture 
of the rock, except where modified by glacial action or covered by 
glacial ddbns, present differences in the quality of slope and surface 

The men who make their living out of an area and who are the 
chief agents in the cultural transformations of it arc not much in- 

11 The quotation marks suggest that the word “peneplain” is here used to 
designate the even crest plane of the hills, and not to imply ongm, about which, 
indeed, relatively little is known 
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terested in the character of the underlying rock in the area m which 
they dwell, unless it bears minerals of worth, nor is vegetation or- 
dmanly affected by it What is of importance in both connections 
is the regohth, the mantle of transported or residual material which 
covers the rocky base, for this bears the ground water, this forms the 
soil 18 used directly for crop growth, or, modified by manifold agencies, 
gives rise to “soil” in a narrower sense, which shows, in the Clare- 
mont-Spnngfield area, a tendency toward podsohzation 14 

The agencies which have modeled the upland surface have pro¬ 
duced a variety of soils, which differ among themselves cluofly in 
the sizes of particles forming the matrix from the coarse pebbles, 
stones, and boulders Most of the land is stony, except for pockets 
of colluvial and fluvial collection It is the latter that provide the 
principal basis for agriculture (PI XXXVIII, Fig 3) 

Lowlands 

The lowlands formed by the lacustrine deposits m the valleys 
of the Connecticut River and its tributaries occur in a series of 
terraces (Map 6, PI XXXIX, Fig 1) The level of the topmost 
of these terraces, which were formed first on the melting of the 
Pleistocene ice, is 600 feet Below this he levels at 400, 320, and 280 
feet, the last being the present flood plain Much of this fluvio- 
glacial material is gravelly and is laid down m bands (PI XXXIX, 
Fig 2) The coarse material forms a xerophytic habitat (PI XXXIX, 
Fig 3). Where fine material is interbedded with the coarse, as it 
is m some of the lower terraces, the available ground water is greater, 
and the agricultural value of the soil correspondingly increased. 

Summary or Gkognostic Conditions 

The uplands and the lowlands of the Claremont-Spsingfield area 
were formed by fluvial and glacial action on a complex of crystalline 

u There is no soil report for Sullivan County, but one was published for 
Merrimack County, next east, in 1906 The soils found there are for the most 
part repeated in Sullivan County, however 

m True podsohzed soils were not found at low elevations in the area of study, 
but they occurred in many places near Lebanon, sixteen miles to the north At 
higher elevations podsoliscd soils were found near Claremont, for example, 
on the upper slope of Mt Asoutney (alt, 3,144 feet) they were found above an 
altitude of 2,800 feet, near which level the change from mesophytio hardwood 
to boreal forest takes place 
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rocks, and molded in the present surface aspect, particularly by these 
agents working m Pleistocene times The principal land-surface and 
geognostic areal distinction is that between upland and lowland 
(Map 6), between these two the 600-foot contour marks the bound¬ 
ary, for it was the upper limit of lacustrine glacial water. 


VEGETATION 

Topographical analysis of vegetation forms presents one of the 
great difficulties in adequate geographical studies, yet the vegeta¬ 
tion cover of the land, because of its intimate relations with ground 
water, soils, slopes, etc, and because of its inherent growth and 
reproduction (renewal) characteristics, becomes one of the diagnos¬ 
tically most valuable indices of land "quality.” Two things seem 
to be desirable in the topographical analysis of vegetation forms. 
(1) a statement of the place of the area under discussion in its re¬ 
lation to the world framework of phytogeography, and (2) a study of 
the ecological and developmental qualities of the local plant associa¬ 
tions themselves 

Phytogeographical Relationships 

The Clarcmont-Springfield area lies near the boundary between 
the "Lake Forest” and “Deciduous Forest” regions of J. E. Weaver 
and F E Clements, 14 and near the southern border of the region in 
which Ptnue dtwncala is dominant, according to E N Transeau. 1 * 

Local field investigations suggest that the actual vegetation con¬ 
ditions are these. Just north of the area, in the vicinity of Lebanon, 
New Hampshire, boreal forest characteristics begin to assert them¬ 
selves. These are noticeable m the occurrence of "spruce swamps” 
and the general replacement of hardwoods by black spruce (Ptcea 
manana) in wet areas (PI XL, Fig. 1) The Claremont-Spnngfield 
area would seem, therefore, to lie not far south of the southern border 
of the Boreal Forest-Mesophytic Hardwood Forest ecotone 

The species which characterise this general region are given by 
Nichols, 1 * as follows Ttuga canadensis, Acer saccharum, Fagtu grandi - 

» Plant Ecology (New York, 1920) 

w "Forest Centers of Eastern United States,” Am Eat , 89.875-689.1906. 

u “Hemlock-White Pine-Northern Hardwood Region of Eastern North 
America,” Ecology, 16.408-422 1985. 



Chorology of Claremont-Spnngfield Region 347 

folia, Betula lutea, Ptnus Strobus, Tilia glabra, Uhnus amencana, 
Fraxinus amencana, Quercus borealis, Primus serotina, Ptcea rubra, 
Abies balsamea, Ptcea glauca, A cer rubrum, and Pvnus remnosa Hem¬ 
lock (Tsuga), white pme (P Strobus), and the hardwoods (especially 
Acer saccharum and Fagus grandifolta ) give the region its name The 
Claremont-Spnngfield area, therefore, lies near the northern part of 
the region where these species characteristics obtain, and not far 
from the southern border of the area in which more northerly phyto- 
geographical conditions are found, especially m wet lowlands 

Ecology 

Vegetation associations studied ecologically yield, from a topo¬ 
graphical viewpoint, further infonnation concerning these matters 
On the well-established assumption that progressive development 
toward a climax is taking place within all societies of plants, it 
becomes possible for one to be more precise on the subject of the 
local characteristics of vegetation, taking into account not only the 
broad general climatic climax, postulated by the climatic conditions 
and by the phytogeographical position of the area, but also the local 
details of seres m various stages of development, as revealed by field 
work 


DRY AREAS 

Wherever it is sandy, wherever bare rock protrudes from the 
mantle of glacial soil, ecologically dry conditions are found In the 
former, the soil, though sandy, is deep, the old glacial lake alluvium 
lines the streams and occupies local depressions on the upland 
(Map 6). In the latter, new seres, in the embryonic stage, point a 
lesson in the general development toward the climax. 

The dominant tree of the sandy areas is the white pme (P 
Strobus). The banks of the Connecticut River, where formed by 
terraces and where they are uncleared, support an almost continuous 
growth of this tree. It is almost an index of terrace geognostic 
conditions Where the land has been cleared for agriculture, the 
regeneration of the natural vegetation in various early stages may 
be studied, except where regrowth has been prevented by agencies 
connected with man. Just north of the Ascutney Bridge across 
the Connecticut River part of a high terrace (600 feet) has been 
cleared of its growth of white pine (PI. XXXIX, Fig. 8), and in 
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the cleared part various transformations are taking place m the 
flora as a part of the struggle of the vegetation back to its pnstine 
condition The terrace here provides a xerophytie habitat m which, 
in the sun, but not far from the edge of the remainder of the grove 
of white pines, the ground mat of the new growth is to be found 
Lycopodium and lichens (remdwr moss) dispute with the coarse 
grasses the possession of the area On north-facing slopes, where the 
habitat is more moist because of the absence of sun, Myrtca asplera - 
folia is a characteristic species The cutting of the white pine has 
been too recent, apparently, for any young growth of these trees to 
become established 18 The grazing and trampling of (attic may also 
help in keeping down the growth of young trees 

On bare rock areas an exjioscd, west-facing knoll on the west 
side of Bible Hill may be taken as an example Here the sequence 
of development in the sere was as follows a crustose lichen, a foliose 
lichen, a moss, two kinds of reindeer moss (lichen), sorrel (Rumex 
acetifoha), a blueberry, lv birch (Betida popuhfoha) All species 
within the quarter acre examined were arranged m the order indi¬ 
cated, the crustose lichens were pioneers, but were being overspread 
by foliose lichens, while the latter weie being submerged by the growth 
of moss With the establishment of the moss and lichen mat, sorrel 
came in, and, with increasing size of the plants, the complex was 
being built up to the pioneer trees, the birches 20 The bare rock is 
trending in its vegetation development toward the climatic climax 
of the upland, except so far as man-induced factors, such as burning 
and grazing, mterrupt 


JUNIPEK SUB CLIMAX 

Four cross sections were taken of a pasture on the high terrace 
one mile east of road junction 353 on the mam highway north from 
Ascutney Bridge to Trinity, which is opposite Windsor, Vermont 
Jumper, with some white pine on the margins of the area examined, 
was the dominant vegetation (PI XL, Fig 2) The principal grasses 
of the pasture *ere fescues, but various other plants were definitely 
getting the better of them PotentiUa canadensis was a frequent in- 
IB Cf Dodge, “The Vermont Valley,” be cU 

” The lateness of the season made it impossible to find flowers from which 
identification could be made, but the blueberry was either Vaceimum Vtfts- 
Idaea mnu s or V vaciUana, probably the former 
m Mostly One specimen of P Strobus 
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vadcr, growing on Lycopodium (PI XL, Fig 3) Many parts of 
the area showed this combination excluding the grasses, or these two 
plants, eombmed with Achillea Millefolium, dominating the grasses 
It was apparently the Lycopodium which was bringing about the 
destruction of the grass cover, with Potentilla and Achillea acting as 
invaders on the club moss Jumper us communis was spreading ac¬ 
tively by rings, with dead “stolonoids” indicating the connection of 
the outer live ung with the inner live clump (PI XL, Fig 2) 


HUMAN ASPECTS 

Human beings occupying the Claremont-Spnngfield area have 
so modified the land in adapting it to their use that they have 
erected a certain portion of its general area into a neatly delimited 
region having certain direct connections with the central towns 
These direct connections and the neat delineation are expressed by 
the road turnings, which, as has been shown, indicate the develop¬ 
ment of a divide in traffic along many of the conspicuous ndges 
The Claremont-Spnngfield region is not a physical region, but a 
man-made one The limits are the limits of a human activity which 
finds its outlet m the marts of the world through one or the other of 
the focal towns 

This circumscnbed area has now been occupied for a century 
and a half, and in that time the onginal vegetation has been greatly 
changed The forests on the uplands do not now have the aspect 
that they had at the epoch of occupance Fields occupy uplands 
and lowlands and, now m part abandoned, are giving way to a new 
order of vegetation, the beginnings of the revival of the forest of 
birch, of beech, and of maple This is the mesophytic Hardwood 
forest, which is becoming again adjusted to the climatic conditions 
after the interlude of cuttmg 

Rural Occupance 

Two aspects of rural occupance require special consideration 
because of the large areal significance of their economy, lumbering 
and dairying The former has given nse to various phases of the 
industry located in the periphery of the area; the latter expresses 
well the agricultural rural organization of the people and the con¬ 
sequences of it 
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LUMBER WORKS 

Throughout the length and breadth of the Claremont-Spnng- 
field area, on isolated higher and stonier hills, the vigorous second 
growth, which came up after the original destruction of the forest 
at the beginning of occupance, is now being attacked for firewood 
and for lumber, both primarily for local use Firewood may be 
gathered anywhere in the area, but it is principally a phenomenon 
of the periphery Plate XLI, Figure 1, shows wood piled beside the 
road that crosses Straw Hill near the southwestern margin of the 
area This road is on a traffic divide, one of the criteria by which 
the limits of the area were determined 

Local sawmills are found (PI XLI, Fig 2), which provide 
lumber Logs are obtamed at no great distance from the mill, and 
the lumber is sold at Claremont or at one of the wood-working mills 
at Springfield The sites of abandoned sawmills, piles of l umb er 
stored for curing, and the marks of old “tote” roads are further 
indications of this activity, and of its ephemeral local character (PI. 
XLI, Fig. 3, PI XLII, Fig 1) 

BAIltY FARMING 

Dairying is the principal form of farming Hillside pastures, 
dairy bams (PI XXXVIII, Fig 3), and milk-collecting stations are 
the geographic evidences of this But, beyond these noticeable 
geographic aspects, the whole economy of dairying in relation to the 
land is revealed in its naked actuality by those vegetation deter¬ 
minations cited earlier The use of the land for pasture, which is a 
principal concomitant of dairying, does not hinder much the natural 
rcgrowth of trees, so that groves of birch indicate the failure to 
maintain the pasture by plowing and resowing (PI XLIII) The 
other adjunct of dairying, in the economy of the region, is the hay- 
field. Here, again, vegetation analyses showed a host of noneco¬ 
nomic plants entermg the domain of grass below the level reached 
by the mowing machine Although the annual cutting of the less 
and leas vigorous grass prevents effectively the regrowth of trees, 
it does not reach the zone of subtle change in the flonstic character 
of the hayfield, so that the grasses are being pushed out gradually 
by the competition of weeds. Plowing and resowing should have 
been the remedy here. 
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These conditions are characteristic of the hilltop farms, where, 
indeed, the thin mantle of regohth made plowing unfeasible, and 
suggested, perhaps, as an alternative, the use of land year after year 
for hay or pasture, once the grasses had been sown In the valley 
bottoms, on the other hand, the deeper regolith of fluvial and col¬ 
luvial accumulation made plowing less difficult, apparently, and hence 
a better-balanced farming seemed possible (PI XXXIX, Fig 1) 

Original Population 

Who were the people who were responsible for these activities? 
They were of English stock. In the eighteenth century they migrated 
up the Connecticut River from the then century-old settlements of 
Massachusetts and Connecticut 11 Like the original immigrants 
into New England, except as a hundred years of frontier life had 
modified imported habits, these people settled m the wilds of the 
Upper Connecticut without an ingrained habit of agricultural indus¬ 
try The people of New England were never primarily, in spirit at 
least, a farming folk, they had a mechanical turn, developed in the 
towns of eastern England, enhanced a bit by the vicissitudes of 
frontier life, and later put to account in the development of indus¬ 
trial towns 11 It is little wonder, then, that a people so built should 
have soon left the hillside village of Spnngfield for the swamps at its 
base, there to build a factory town, or that the people of Claremont 
should have developed an industry in stlu. That was their bent, 
and that they did. 

The fields, cleared laboriously, were and are being quitted, not 
all at once, but one by one, and moss and bnera are now to be seen 
where grass once grew. Where the road from Ascutney to Weather- 
field Center crosses Goulden Ridge at a saddle a field still used for 
the harvest of hay illustrates the difficulties The mowing machine 
leaves a stubble some two to two and one-half inches tall, and below 
the level thus indicated, in the sone relatively untouched by the 
activity of man, weeds are asserting themselves to the detriment of 
the economically essential grass Rumex was found to be invading 
thickly, having become dominant m many large patches, parts of 
the strip traversed were found to be covered with Convolvulus, which 
was also locally dominant over the grasses. These low-lying plants 

11 See footnote 1 

* Of. Bernes, V. F., TK$ Dominion oj Now England, p 187. 
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escape the mowing machine There was also a moderate invasion 
of Solidago, which matures after the harvest of hay and sows itself 
plentifully Complete abandonment brings complete regrowth, usu¬ 
ally of birch on the upland (PI XLIII) 

These vegetation determinations are an index of the failure of 
farming, and not of its impossibility The Americans of English 
stock who planted the original, post-Amennd culture were not pri¬ 
marily agricultural, their bent was manufacturing The develop¬ 
ment of industries in the area calls for examination, therefore 

CLAKKMONT 

The nuclear village of Claremont was established on a terrace 
above Sugar River At this point the nver startH its fall toward 
the lower level of the Connecticut, being held up by a ledge which 
forms the connection between hills to the north of Sugar River and 
their continuation to the south Here, at an early date, factories 
were established (PI XLII, Fig 2), and as a consequence the “cen¬ 
ter” of the town has moved north about a quarter of a mile to a 
portion of the terrace near the factories, with the result that the 
stores on the mam square back up against the factory buildings 
along the nver The nexus of roads that forms the center of the 
town is related in part to the early routes of travel in the Claremont 
area, and these appear to have come to a focus at this point because 
of the local convenience of crossing the river The manufacturing 
at Claremont is of textiles, and this lured workers from the older 
spinning and weaving towns of Massachusetts and Rhode bland 
The wretched living quarters of these immigrants into the region 
have been built on newly laid out streets in the less desirable parts 
of the town, low against the river, in the edaphically dry gravel area 
below the falls Here the street names suggest the origin of these 
newer people, Pawtucket and Woonsocket 

SPRINGFIELD 

The nuclear site of Springfield has already been described in its 
swampy, industrial beginnings It is an example of an industrial 
offshoot becoming commercial The original industry, which uti¬ 
lised at the start local wood, sawing it for local needs, has been 
transformed to an industry with a wider market, which still utilises 
such wood, m part, for the manufacture of snaths and boxes. A 
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local water power, as is the case in Claremont, is basic to the local¬ 
isation of the industry In Springfield the industry came first, with 
commercial activities later; in Claremont trading preceded manu¬ 
facturing 


CONCLUSION 

The factories at both Claremont and Springfield have introduced 
into their joint area a new cultural tradition, that of southern and 
eastern European Americans This is remaking the towns, and it is 
remaking the countryside Many of the farms are now operated 
by recent immigrants or their descendants, and the phenomenon 
observed m the summer of 1935 may foretell the future of the whole 
area On a hill north of Springfield a group of “peasant'’ women, 
eight m all, were seen reaping gram with sickles If this indicates 
the future, as it docs the toil that is apparently necessary for suc¬ 
cessful farming m the region, it may be that the sorrel and the bners, 
now conquering the hayfields and pastures, will be driven out again, 
and a more vigorous growth of grass and other crops introduced 
under the agency of capable men and women The cultural trans¬ 
formation, m either case, will be profound If the cleared land is 
further abandoned, the forest will reconquer almost inevitably, if 
there is a rebirth of agriculture, the growth of a new forest may be 
restricted. At present the whole region is declining economically, 
as indicated by the peripheral decline of population and by the 
flonstic character of cleared land, and the alterations m the cultural 
landscape which are the result are also a part of the continuous 
processes of landscape change which it is the business of the geog¬ 
rapher, at least in part, to detect and to describe 
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PLATES XXXVIII-XLIII 








Fig. 1. Connecticut River lowland 
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Fig, 1, Cord wood at. traffic divide 




2* Sawmill Note logs going in and boards coming out 



Fifl. 1. Abandoned sawmill site 
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THE UMLAND OF HOWELL, LIVINGSTON 
COUNTY, MICHIGAN 

STANLEY D DODGE AND LEONARD S WILSON 
PURPOSE AND METHOD OF THE STUDY 

T HE field determination 1 of road turnings provides a convenient 
method of laying out the umland of any town which one may care 
to investigate Essentially 2 the method used consists in mapping 
at each crossroad and at each entrance of a farmyard drive to a 
public road the direction in which the traffic nonnally turns The 
turn is usually toward the town where trading is done habitually, 
and this makes it possible to delimit areas by the observance of 
recorded divergent turnings. Furthermore, a graded dirt road gen¬ 
erally drops to a lower state of improvement in the section between 
divergent turnings, or, if indeed it once existed, it may have dis¬ 
appeared entirely m the growth of brush and saplings. This is 
called the “bad-road divide ” 

Heretofore road-turning determinations have been made only 
with reference to the umland of a single town, and it was desired to 
work out the mosaic of a number of contiguous umlands in order to 
see what phenomena were associated with the larger pattern With 
headquarters at the University of Michigan the vicinity of Ann 
Arbor seemed a suitable laboratory, and accordingly a decision was 
reached to include the neighboring towns within the borders of 
Wayne, Washtenaw, Livingston, and Oakland counties* Since it 
has seemed earner to proceed out from a center to the limits of its 

* Apparently determinations may be made in some eases from airplane 
photographs with the use of a sufficiently powerful glees If they oould be thus 
made la all ease*, large areas might be blocked out in quickly in the 

laboratory, without the tune and expense, but also without the exhilaration, of 
field work. 

1 Theoretical and methodological discussion of road-turning analysis is 
provided in S D. Dodge, “Bureau and the Prmeeton Community,” Ann Assn 
Am. Chog , S3:159-300 1983; see eepeeially pp. 168-182 
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Map 7 Howell umland, showing road turnings 


umland in all directions than to cross the umland boundaries, one 
center within the area to be worked was selected somewhat arbi¬ 
trarily * 

* Actually, the desire to escape as much as possible from the assumed influ¬ 
ence of Detroit and to cooperate with others working on other problems In the 
Howell area prompted this selection. 
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RESULTS 

The accompanying map (Map 7) shows the limits of the Howell 
umland, Livingston County Along the roads from Howell one 
records the turns at crossroads and houses, and the stream of traffic 
thus indicated is found to divide and subdivide, to splay out m roads 
of lower quality and less traffic till, on the margins of the area, es¬ 
pecially on the south and the west, the expected bad-road divide 
is reached On the north, minor villages obtrude to confuse the 
pattern These are Oak Grove and Parshallville Indefinite local 
turnings of traffic in the vicinity of Oak Grove, for instance, make 
it difficult to say whether that village belongs within or without the 
limits of the Howell umland, or, if the latter, whether it stands 
alone or as a part of the umland developed about Cohoctah, near 
the northern boundary of Livingston County, or Byron, north of 
that in Shiawassee County In fact, one of the principal problems 
arising from the investigation of road turning is just this pattern of 
small villages At present, the most tenable theory is that they 
occupy the interstices where two or more umlands come together, 
but it will take more complete analysis of the larger area represented 
by the four counties for which the study has been planned to begin 
to clear up this point 

Another problem is the perennial one of the quality of roads in 
relation to road turning and umland analysis The quality of the 
road is certainly important in the case of bad-road divides, but the 
bad-road divide is not always present, certainly not along main 
traveled concrete roads, yet the umland boundary crosses them It 
is hoped on the basis of an extension of the analysis here initiated to 
come to more definite conclusions on this point 

The relation of boundaries to natural and cultural features, to 
which they may be «u bsequeni, is another problem. In the Howell 
area only the southwestern part showed clear relations to a swamp 
and stream. The rest was vague. 

All m all, if road-turning analysis is to be useful in geographical 
and sociological investigations, it must be put on a more solid basis 
than it has been Continued studies along the lines indicated above 
will, it is hoped, result eventually in a body of reliable data from 
which solid conclusions as to theoiy and methodology may be drawn 

UmvaasiTT or Michigan 




THE SLOPE AND SLOPE-DIRECTION MAP 

ROBERT M GLENDINNING 


W HETHER one is interested in the purely academic or in the 
so-called practical aspects of geography, there is usually need 
for a method or a tool which will adequately reproduce the surface 
configuration of the portion of the earth being studied — a need for 
some device that will properly portray the essence of the “mold,” 
or the “lay,” of the land There are many devices of this land. 
They vary from such tools as the contour map and the physiographic 
diagram to afinal photographs examined stereoscopically It is the 
purpose of this paper merely to indicate how a map made by com¬ 
bining a slope map and a slope-direction map may serve, at least in 
the larger scales, as one of such tools In addition, it is proposed to 
indicate how such a slope and slope-direction map may be combined 
with other maps to "point up” the intricate relationships which 
exist between surface conditions and other landscape elements This 
twofold objective may be best accomplished through the presenta¬ 
tion of maps dealing with conditions of slope {done, and also with 
slope conditions related to certain other geographic items An 
exemplary, rather than an exhaustive, treatment will be given. 

Map 8 is an ordinary slope map of a sample area. It presents 
the area divided into its several dope classes or categories. The 
steepness of slope for each portion of the area is expressed in per¬ 
centage of grade, that is, in terms of so many feet of vertical change 
for every hundred feet of horiaontal distance. In the part of the 
area labeled A the slope ranges from 0 to 5 per cent grade. The 
same condition is found in the portion labeled B. In terms of the leg¬ 
end, both these portions have a number 1 slope. The part of the 
area labeled C has a slope of 10-15 per cent grade, or, in terms of 
the legend, a number 3 dope. A total of four dope classes is recog¬ 
nised in the entire area, the steepest of these being located in the 
southern and in the west-central portions, m which the dope is from 
20 to 80 per cent grade. Map 8 thus presents the areal relationships 
of land facets according to their steepness. However, this map in no 

880 



360 


Robert M. Glendtnmng 



way indicates the relative altitudinal positions of the several slope 
areas For example, areas A and B have the same steepness, yet 
there is no indication as to which possesses the greater elevation All 
that is known is that one is higher than the other, as indicated by 
the relatively steep area C which separates them Area A is either 
a ndge top which drains across area C to area B, or a valley bottom 
which receives its drainage from areas B and C It is in just this 
respect that the ordinary slope map fails to give an adequate pictur- 
lzation of the land surface 



Mat 9 Slope and dope direction 
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Map 9 presents the same slope map as shown in Map 8, but to 
it have been added arrows which indicate the direction of slope. It 
thus constitutes a slope and slope-direction map The addition of 
the arrows brings out the mold, or form, of the land and injects the 
item of relative altitude into the picture of the surface conditions 
Now it is possible to see, by taking the example given above, that 
area A is a ndge top which slopes from a narrow crest to area C and 
that area C, m turn, slopes steeply to the bottom lands of area B 
Furthermore, it can be seen that the lower parts of area B slope 
gently in a westerly direction, that area B collects the surface 
drainage of the entire area shown on the map, and that this surface 
drainage is concentrated m the western part of area B before drain¬ 
ing off to the west Map 9, by combinmg steepness of slope and 
direction of slope, as well as, incidentally, a pictunsation of the 
movement of surface drainage, succeeds in reproducing in carto¬ 
graphic form a reasonably adequate portrayal of the surface con¬ 
figuration of the area 

Maps 8 and 9 are concerned only with items pertaining to the 
“lay-of-the-land ” As such they possess, in and of themselves, a 
certain value from the standpoint of geographic investigation How¬ 
ever, it is when the information which they convey is related to 
other landscape elements that they take on a more real and more 
useful significance Just what relationships to such elements are to 
be shown will depend upon the nature of the investigation being con¬ 
ducted The discussion which follows is based on arbitrarily selected 
examples 

In Map 10 the information of the first two maps has been com¬ 
bined with land use in order to indicate the relationships existing 
between surface configuration and the ways m which man is using 
the area On this map the boundaries of the slope categories and 
the slope direction are indicated as before, except that fewer arrows 
are used to show slope direction; the limits of the several land uses 
are shown as heavy black lines; and the particular utilisation of 
each use unit is printed within that unit Inasmuch as a complete 
interpretation of Map 10 is unnecessary at this juncture, only por¬ 
tions of it will be discussed To take examples: the cornfield in the 
southwestern comer of the map is shown to he on two very different 
conditions of slope. Hie northern two thirds occupies a 0-5 per 
cent slope, while the southern third occupies a 20-30 per cent slope. 
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The arrows indicate that the southern part of the field slopes 
directly to the northern part and that surface drainage m the former 
portion must move rapidly, considering the use and the steepness of 
the land, into the lower, flatter section. In the northwestern part 
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Map 10 Slope, slope direction, and land use 


of the map another land use, namely, pasture, likewise spreads 
across two degrees of slope steepness The northwestern part of 
the pasture occupies a 5-10 per cent slope, while the southeastern 
portion lies on a 10-15 per cent slope As indicated by the arrows, 
the slope of this field is toward the southeast. Other examples of 
the relationships of surface conditions to land use in this area would 
only indicate further that neither field pattern nor use of the land 
portrays ahy uniform adjustments to the surface configuration 
Map 11, again with slope and slope-direction information as 
a base, indicates the areal relationships of surface forms, land use, 
and, m addition, erosion conditions. The varying degrees of erosion 
above normal are indicated by different weights of vertical or oblique 
lining Other items shown are expressed as in the preceding maps. 
If one takes the same examples as above, it will be noted that all 
the cornfield in the southwestern part of the area is eroding above 
normal. The lower and flatter portion is marked only by slight sheet 
erosion, but the higher and steep section is shown to be actively 
gullying The pastured field in the northwestern portion of the 
area is marked throughout by slight sheet erosion, regardless of 
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steepness of slope. Additional illustrations may be taken The 
clover field m the northeastern comer shows no erosion above normal, 
even though part of it lies on a 10-15 per cent dope On the other 
hand, the cornfield near the southeastern comer of the area is moder- 
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Map 11 Slope, elope direction, land use, and erosion 


ately sheet-eroding on a 0-5 per cent slope and actively gullying on 
the portion of it which occupies a 20-30 per cent slope Just to 
the south, the part of the woods likewise lying on a 20-30 per cent 
slope shows no erosion above normal. The area of idle land near 
the west-central part of the map occupies a similar 20-30 per cent 
slope; it is eroded beyond any possibility of cultivation. Ignoring 
at this time such factors as soil types, climatic conditions, erosion- 
control methods, and conditions of exposure, this map indicates that 
the kind of land use and the steepness of slope are important factors 
in erosion in this area. It will be noted that all the 20-30 per cent 
slopes that are not wooded are seriously eroded, whereas more gentle 
slopes are eroding, or not eroding, depending upon the nature of 
the land use. One of the major conclusions to be drawn from this 
map is that, in terms of erosion, there is considerable maladjustment 
between conditions of slope on the one hand and type of land use 
on the other. 

The four maps just discussed will serve in a limited manner to 
illustrate the nature and the possibilities of the dope and dope- 
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direction map Whether it is desired to describe surface conditions 
in and of themselves, or whether it is desired to show their relation¬ 
ship to other landscape elements as well, this type of map constitutes 
one sort of useful tool for those interested m describing and analys¬ 
ing the surface of the earth 

Land Planning and Housing Division 
Tennessee Valley Authority 



A MAP OF SETTLEMENT AGGLOMERATION 
AND DISSEMINATION IN JAPAN 

ROBERT BURNETT HALL 

T HE morphological aspects of the various natural forms of the 
landscape are comparatively well known Relatively exact 
methods of identification and classification have been developed, 
and quite accurate maps of world and regional distributions have 
been made 

There is a most obvious need for a similarly precise treatment 
of the cultural forms of the landscape Human settlement iB doubt¬ 
less among the more critical of these In recent years local studies 
have appeared m abundance, but little attempt has been made to 
standardize the method of approach. 

The most elemental and basic geographical question concerning 
human settlement is whether or not an area is inhabited Also of 
great geographical importance, in the inhabited portions of the 
earth, are the patterns of habitation distribution In this study a 
logical beginning, and one which can be made for much of the world 
from available maps, is to determine where habitations occur in 
agglomerations and where they appear m disseminated pattern 
The accompanying map of Japan Proper (Map 12) is presented 
only as an example of a possible means of building up such data 
It differentiates between inhabited and uninhabited areas, as well as 
between areas of agglomeration 1 and dissemination A standardised 
method of procedure is suggested, though doubtless one which will 
be greatly altered with further experimentation The methods and 
the criteria which follow are the result of sampling in several parts of 
the world for whioh detailed maps are available 

1 The term “agglomerated” settlement has been used rather than “nu¬ 
cleated,” which has sometimes been advocated, for die reason that the latter 
term implies a central thing about which the habitations have collected or are 
bound. Many compact settlements are simply gathered together without any 
center, functional or otherwise The term "nucleated," however, might well be 
retained for those agglomerations, such as cathedral, market, and military towns, 
which an gathered about a center. 
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The map shows. (1) areas which are settled and those which 
are not settled; * (2) areas where agglomerated settlement prevails; 

(3) areas where a disseminated pattern of settlement is found; and 

(4) the major urban agglomerations (i e urban areas of one million or 
more inhabitants) The data given on the map were drawn from the 
Imperial Survey maps at Japan on the scale of 1 60,000, except for 
areas within fortified zones. For the latter places reference was 
made to the maps of 1.200,000. Many areas were checked in the 
field. 

Each topographic sheet was analysed by square kilometers, and 
the results were recorded on a gndded base of 1:2,000,000 This 
has proved to be a very satisfactory scale for recording Buch data and 
is one which can be conveniently secured for many parts of the 
world The symbols were made to cover the sites of settlement and 
the agricultural area supporting it. The lower inset map, which was 
constructed on the exact scale of the topographic sheet, is shown to 
indicate the degree of generalisation made. 

An agglomeration is regarded as a grouping of six or more houses. 
Yards and kitchen gardens, but not fields, may separate the habita¬ 
tions within the agglomeration The scale and the pattern differ from 
region to region with differences in agricultural systems, land values, 
etc. In a preliminary study two classes of agglomeration were 
mapped “True agglomeration” encompassed those areas where 85 
per cent or more of all habitations occur in groups as defined above 
A second class included those areas where from 51 to 85 per cent so 
occur. This might be called “agglomeration tending toward dis¬ 
semination ” Two classes of dissemination were also recognised. 
“True dissemination” was charted for those areas in winch less 
than 15 per cent of the habitations were in agglomerations, and 
“dissemination tending toward agglomeration” where more than 15 
and less than 51 per cent so 6ccur However, sinoe the two inter¬ 
mediate classes are generally absent in Japan and sinoe no particularly 
positive features were brought out, only the broader classes were in¬ 
cluded on the final map The fourfold classification empharises a 
number of pertinent conditions on experimental maps of Chosen, 
parts of India, and eastern United States. 

Consistent with the general pattern of southeastern Asia, Japan 

■ Lone habitations in otherwise wide anas of ttasoMsd land have boon 
omitted, as have also known seasonal habitations. 
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is essentially a land of agglomerated settlement. Particularly is 
this true where paddy cultivation dominates and m coastal settle¬ 
ment where fishing is the main support There are at least three 
important exceptions to agglomerated settlement, however. (1) The 
lowlands of Hokkaido have been populated since the Restoration, 
under a government plan compelling dissemination, (2) The granite 
mountains of southwest Honshu, inland from Hiroshima, offer scat¬ 
tered bits of agricultural land too small, in general, to support 
villages, (3) Suoh steeply inclined delta plains as those of the Oi 
Gawa and Hu Kawa are subject to frequent and violent flood, a 
situation which has led to the construction of individual elevated 
lotB There are also some minor exceptions to agglomeration which 
do not warrant discussion in so general a treatment 8 

University of Michigan 


* The cultural, historical, and natural reasons for agglomeration and dis¬ 
semination of settlement in Japan have been partly described by the writer 
in “Some Rural Settlement Forms in Japan/ 9 (hog Rev , 20 93-123. 1931; 
“Settlement of the Hiinokawa Plain, Japan/' Papers Fifth Pan-Poafic Science 
Congress, 1933 1339-1371; and “Cities, Villages and Houses of Japan/’ Mxchtr 
gan Alumnus, 40 138-139. 1934 

There is now also a vast volume of settlement literature in the Japanese 
language Perhaps the chief works are the two books of Professor T Wata- 
nuki, Settlement Geography (Tokyo, 1933) and Settlement Geography of Japan 
(Tokyo, 1936) 




THE SURFACE CONFIGURATION 
OF SOUTH AMERICA 

PRESTON E JAMES 

T HE accompanying map of the surface configuration of South 
America (Map 13) recognizes the following categories of sur¬ 
face, each of which is given a somewhat more exact definition than 
is associated with its title in the lay vocabulary 

Plains — Plains are areas of relatively slight local relief (less than 500 feet 
difference between the high and the low points of an area of roughly 25 square 
miles), they are low-lying with reference to surrounding areas, and are usually, 
but not in every case, low in altitude 1 

Plateaus — Plateaus stand distinctly above neighboring areas, at least on 
one side, and have a considerable part of the surface at or near the summit level 
Their local relief may or may not exceed 500 feet A plateau, from the point of 
view of its physiographic background, may represent either a youthful land 
recently uplifted and with a considerable portion of its initial surface still pre¬ 
served, or an area underlum by horizontal or nearly horizontal layers of stratified 
rock 

HtUy uplands — Hilly uplands differ from plateaus m that a considerable 
part of the surface does not remain near the summit level Their profiles, there¬ 
fore, are rounded rather than flat-topped Not uncommonly such areas are 
underlain by crystalline rooks forming a so-called crystalline oldland The 
hilly upland differs from a plain in degree of local relief, having over 500 feet 
and less than 1,000 feet 

Low mountains — Low mountains, it seems, should be distinguished from 
high mountains These features are similar to Hilly uplands m profile, but have 
a local relief of more than 1,000 feet and, generally, less than 3,000 feet 

High mountains — High mountains are similar to the last two categories in 
that they possess rounded or peaked summits (as opposed to the flat-topped 
plateaus) A satisfactory working definition to separate them from low mountains 
calls for sufficient local relief to permit the development of v marked vertical 
zoning of the vegetation cover * 

Informant basins —Within the mountain areas there are numerous inter¬ 
ment basins, more or less completely Burrounded by higher land Where such 
basins lie at a low altitude, perhaps representing only lowland extensions into 
the mountains, they are included with the plains, but at a higher altitude these 
basins are distinguished by a special symbol 


1 For a rtauml of these definitions see P. E James, An Outline of Geography 
(Boston, 1036), p 66 , 1 Op at , p 307 
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In a number of instances these major divisions might well be 
subdivided. Because of the detailed differences m the landforms, 
crystalline areas should, if possible, be distinguished from areas with 
stratified rocks Glaciated terrain is markedly different from non- 
glaciated terrain In the low or the high mountain areas the mter- 
mont basins should be separated from the rougher surfaces As the 
area to be treated becomes smaller, the number of such more de¬ 
tailed subdivisions becomes greater. 

In any system of generalisation the question of boundaries is apt 
to become troublesome Should, for example, the foothills of a high 
mountain system — the marginal cuesta belt, let us say — be in¬ 
cluded with the mountains or indicated as a separate surface divisionT 
For two reasons the author has followed the practice of including 
such marginal areas with the larger division of which they form a 
part. In the first place, the data by which the marginal areas 
might be separated are not m every case available But even if they 
were, the question of logic might be raised if an attempt is made 
to treat the boundary of a generalisation too specifically. There¬ 
fore, foothills are included with the mountains unless they are es¬ 
sentially different, the dissected (and perhaps no longer flat-topped) 
edges of plateaus are included with the plateaus; and the low “roll¬ 
ing” surface on the margin of a hilly upland, even if it has a local 
relief of less than 500 feet, is included with the upland The attempt 
is made to identify the critical changes in surface character and here 
to establish the boundaries rather than to apply any quantitative 
definition based on relief alone 

The original compilation of the new material on surface con¬ 
figuration was worked on a base with a scale of 1:6,000,000 In 
the reduction of the map presented here some of the detail has been 
lost. 
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NOTES ON THE POPULATION OF FRANCE, 
WITH SPECIAL REFERENCE TO THE 
POPULATION OF THE AQUITAIN 
BASIN 

HENRY MADISON KENDALL 

T HE population of France has maintained a small, but persistent, 
growth from 1801 to the present This growth shows minor 
fluctuations, yet the 27 millions in 1801 had grown to 41 millions 
m 1931, and it is estimated that the 1935 number elosely approaches 
43 millions 1 Despite this evidence for the whole country, there are 
certain sections that show decline, and by far the largest part is 
relatively stable Decline m certain areas and relative stability in 
others have been attributed most frequently to the declining impor¬ 
tance of agriculture, whereas continued growth has been accounted 
for solely on the basis of industrialization That the decline of 
agriculture and the nse of industry are not the dominating items 
they are generally supposed to have been can be demonstrated by 
an examination of population change in numbers, occupational char¬ 
acter, and density 

The graph of total population departs from a smooth growth 
curve in four major instances (Fig 10) For the years 1811 and 1816 
accurate census data are lacking It can only be postulated that 
normal growth was continued The interruption of census appears 
to have been brought about by difficulties of the Napoleonic regime 
The second noticeable departure is a steepening of the curve in the 
yean 1861 and 1866 and is accountable for by the addition to France 
of three Departments on the present Italian border Hie exigencies 
of the Franco-Prussian War explain the third departure The con¬ 
siderable drop in population numbers is the result of the loss by France 

* The census statistics mentioned in this paper and used in the construction of 
the maps were obtained, in part, from the various volumes of Anmiatre i tatotUque 
de la France and, in part, from the various volumes of Rhuliate etattettquee du 
recenument de la population 


878 



374 


Henry Madison Kendall 

of the Alsace-Lorraine area The census of 1916 was omitted, but 
France shows a gam during the World War decade. This is the 
fourth departure from the expected curve The increase may be 
explained nearly wholly by the fact that France recovered the area 



Fig 10. Graph of population growth for France by five-year periods 

lost during the Franco-Prussian War Departures from a smooth 
curve may be explained mostly as war gains or losses 

The continued growth in population numbers for the whole of 
France is not mirrored when the statistics of the 89 Departments 
are examined (Map 14). Three growth categories * may be recog¬ 
nised: (1) those Departments showing continued growth; (2) those 
that are essentially stable; and (3) those that have declined from 
25 to 50 per cent from a peak number. Of the 89 Departments only 
17 show continued growth, 51 are essentially stable, and 21 have 
definitely declined. Growth is limited to about one fifth of the 
country, whereas decline is the rule in nearly one quarter 

* For a discussion of this method of population study see 8 D Dodge, “A 
Study of Population In Vermont and New Hampshire,” Pap Mick. Aead 8a., 
Art* and Letter*, 18(1032) 181-138 1083. 
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Map 14 A, continued growth, B, decline of from 0 to 25 per cent, C, decline 
of from 26 to 50 per cent 


Since it is often stated that population decline is a rural phenom¬ 
enon and that continued growth occurs as a result of industrial¬ 
isation, the facts of the occupational character of the population 
should afford a reliable check. For France as a whole the per¬ 
centage of the total population engaged in agriculture is 19. If 
this figure is used as a mean, three categories may be established: 
(1) strongly agricultural where the percentage is 25 or more; (2) aver¬ 
age agricultural where the percentage is between 25 and 15, and 
(3) nonagricultural where the percentage is leas than 15. On this 
basis it can be seen (Map 15) that the few nonagricultural Depart¬ 
ments are mostly concentrated in the northern part of the country. 
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Map 16 


Nintrni per cent of the total population are likewise engaged in 
industry, and, when one examines the same type of map for in¬ 
dustry, the position appears nearly reversed (Map 16) Only 12 
Departments are strongly industrial They are mainly in the northern 
part of the country, as were the nonagncultural areas If, however, 
individual Departments are considered, it will be noted that the 
strongly industrial areas are not always the nonagncultural ones, 
and, on the other hand, neither are the agricultural areas necessarily 
the nonmdustnal ones 

A more nearly true picture results from the construction of an 
isanthm map of agncultural-industrial indices. An index was deter¬ 
mined for each Department by dividing the number of people m 
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agriculture by the number in industry The smaller the index, the 
more strongly industrial is the area Conversely, the larger the 
index, the more agricultural is the area The indices change over 
a period of years and thereby indicate the changing relative impor¬ 
tance of agriculture and industry 

In 1851 (Map 17) only four small areas of Frande show indices 
of 1 or less — the area around Pans, around Marseille, around Lyon, 
and in the extreme northwest of the country. Throughout the central 
part of the country there is a large area in which agriculture is of 
dominant importance, where the index is over 5. In 1901 (Map 18) 
a marked decrease can be noted in the importance of agnculture. 
In no part of the country does the index reach 5 There is also an 
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Map 17 


increase in the area which is dominantly industrial. Marseille and 
Lyon remain as marked centers, but the area of the northwest has 
spread to join that of Pans and includes considerably more of the 
north of the country. One concludes that there was a relative de¬ 
cline in importance of agriculture and an increase in the importance 
of industry in the fifty-year period 1851-1901 

The map for 1931 (Map 19) indicates an increase in the area with 
an index of 1 or less, but the centers of expansion are the same as 
in former years. However, contrary to the usual statement, there 
is shown an increase in the relative importance erf agriculture. Three 
areas in the south-central part of the country have indices of 5 or 
more, as indicated in black. When the outlines of the anas of de- 
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Map 18 


dining population are superimposed, it can be noted that, while 
some of the decline is in strongly agricultural sections, some is like¬ 
wise in areas of mild rurabty and some of the decline is actually in 
areas that are dominantly industrial. 

A map of gross population density for 1931 (Map 20) indicates 
five parts of France with over 600 persons per square mile. Four 
are centered about the main cities — Pans, Marseille, Lyon, and 
Bordeaux — and the fifth is in the industrial northwest. Much of 
France has a density below 100 persons per square mile Decline 
is occurring in the sections of low density — mostly less than 100 
persons per square mile. On the other hand, not all the areas of 
low density an declining in population numbers. 
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Map 19 Dashed lines indicate outlines of aroas where population has declined 

25 to 60 per cent 


On a coarse scale three facts are apparent* (1) while the popu¬ 
lation of France has shown continued slow growth, certain parts of 
the country have very definitely declined, and by far the largest part 
of the country has reached a relatively stable position; (2) the de¬ 
cline cannot be said to be the result of a declining relative impor¬ 
tance of agriculture alone, nor can increase be accounted for solely 
by industrialization; and (3) while decline is confined to relatively 
sparsely populated sections, not all the thinly peopled parts of the 
country are showing decline 

Throughout an area as large as France there are numerous dif¬ 
ferences in the physical nature of the land. It ia these differences 
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which have been frequently cited as the sole causes of the facts of 
population distribution and change 

One of the well-recognised physical regions of France is the Aqui- 
tain Basin, which is a sedimentary land fitting in between the old 
land of Bnttany, the Massif Central, the Pyrenees,* and the Bay 
of Biscay Its surface consists of five major types of land, each of 
which owes its character not only to the manner and geologic tune 
of deposition, but also to the way in which destructive forces have 
combined to dissect it (Map 21) Stretching along the northeastern 
fringe of the basin is a series of low-lying limestone plateaus which 
have been deeply incised by streams. Though there » considerable 
variety in this tone, the common characters are rather wide, flat- 
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floored valleys filled with recent alluvium and separated by flat- 
topped edaphically dry interfluves which are mantled by only a 
thin veneer of lime-poor soils. The second type of surface is a 
narrow line of dunes which fringe the coast for all but a short stretch 



Map 21 1, low-lying limestone plateaus, 2, sand-dune ana, 3, coarse sands 

underlain by hard pan, 4, highly dissected fluvio-gjadal detritus; 5, weakly 
dissected alluvial plain 


m the south and as far north as the Gironde estuary Just inland 
there is a triangular area of relatively recent marine deposit where 
the surface is cut by sharp, though not deep, youthful valleys. This 
is a region of coarse sands underlain by a very resistant haxdpaot. 
The fourth type of land consists of a semicircular area of detrital 
material reaching out from the lower Pyrenean slopes. It is dif¬ 
ferentiated from the mam lowland because of the roughness of 
surface resulting from deep dissection by radially disposed streams. 
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Map 22 Areas of declining population superimposed on surface divisions of the 

Aquitain basin 


Ii is characterised by narrow youthful interfluves and asymmetrical 
youthful valleys. The fifth surface type is one of slight relief. The 
materials are marine and fluvial alluviums and their elevation above 
base level is so slight as to have brought about their rapid dissection 
and reworking by the many streams which course over them Of 
the five types of surface the last mentioned provides the best con¬ 
ditions for population growth both agriculturally and commercially 
When the map of population categories is compared with the 
map of surface divisions, it can be noted that the only Department 
showing continued increase is the one in which Bordeaux is located 
Most of that Department is within the lowland, and the increase 
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is on expected one The cunous fact is the stnp cutting directly 
across the surface divisions in which population is definitely de¬ 
clining (Map 22) Some of the area included within this stnp is 
in the limestone plateau region, where decrease might be expected, 
and some of it is in the deeply dissected detntal zone stretching 
out from the Pyrenees, where it might also be expected Most of 
it, however, is in the fertile lowland, and thore it would not be 
expected if the physical conditions of the land are the determining 
factors of population distnbution and change 

When the map of gross population distnbution is compared with 
both the surface division and the population category maps it must 
be concluded that it is not a matter of extreme density that is bring¬ 
ing about the decline of the lowland For all the lowland excepting 
that part near Bordeaux the density is well below the average for 
France as a whole It cannot be said that there is indicated a drift 
of population toward the cities, for much of the population concen¬ 
tration about Bordeaux is related to the intensification of viticulture 
and not to the performance of urban functions within the city itself 
It must be noted also that there has been a recent increase in the 
importance of agriculture throughout the Aquitain Basin, so that 
population decline cannot be said to be synonymous with agricul¬ 
tural decline 

This study is on a coarse scale, and consequently it cannot hope 
to discover the full explanation of the situation as it exists either m 
France as a whole or in the well-recognized regions of the country 
separately. It is hoped, however, that it will serve to illustrate some 
of the major factors involved and at the same time to show the com¬ 
plexity of a problem which is so frequently passed over by sweeping 
generalizations Population growth categories, population densities, 
the occupational character of the population, and the physical 
character of the land when considered alone fail to enlighten us; 
together they offer a somewhat blurred picture. There are many 
more factors which must be taken into account before a clear focus 
allows the picture to be sharply defined. 

University of Michigan 



SOME TYPES OF RECREATIONAL LAND 
USE IN MICHIGAN 

A SERIES OF TYPE STUDIES 


EDWARD C PROPHET 

T HE relatively extensive use of northern Michigan lands for 
recreational purposes is a recent development It has pro¬ 
vided this part of the state with an additional industry, expressing it¬ 
self largely through increased employment Unfortunately, up to 
the present time it has been exploitive rather than constructive, just 
as are most of the other major human activities of the area, such as 
lumbering, mining, trapping, and land booming A movement is 
now under way to make it constructive and permanent rather than 
purely exploitive The people of this area realize, or at least their 
leaders do, that they must, find some source of employment which 
will continue indefinitely into the future and which does not take 
somethmg away from the land Accordingly, they are turning more 
and more to recreation as their last hope foi such an industry The 
forest has been cut and burned to such an extent that lumbering is 
no longer a dependable source of employment to a major portion of 
the population, as it has been in the past With the declino of lum¬ 
bering, farms which furnished supplies to the lumber camps have 
ceased to be profitable undertakings, and in some localities even the 
mines are beginning to fail It is inevitable that the area will be 
abandoned unless some other source of employment is found For¬ 
tunately, the automobile, which has become more and more important 
in our civilization during the last twenty years, and good roads, which 
the automobile has forced on most areas, have made this region readily 
accessible to about thirty million people Map 23 shows the major 
lines of transportation serving the northern part of the Lower Pen¬ 
insula and the eastern part of the Upper Peninsula “The North 
Country,” with its sparce population, its lakes and streams, its wild 
lands, its game, its beautiful scenery, and its cooler climate has 
proved veiy attractive to the city dweller who lives just south of it 
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Map 23 The transportation routes shown are the through ones carrying most 
of the traffic. Other, less-used, routes exist, but have been left off the map 
to avoid confusion resulting from too much detail. The shaded areas cor¬ 
respond to the areas induded on the detailed maps shown later 
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and is likely to become an even more popular vacation land as 
people find that they have more time for recreation owing to the 
leisure that is being forced on them by the machine age in which 
they live 

The map shows four type studies which have been chosen to illus¬ 
trate various recreational uses of land or resources and also to show 
the ways in which certain resources function in developing and main¬ 
taining this industry 

Motorists, to the number of eight or ten thousand, annually make 
a tour around Lake Michigan. Incidentally this is a very conserva¬ 
tive estimate, made from relatively reliable data obtained by the 
State Highway Department of Michigan These cars have an average 
of three or four passengers each 

ESC AN ABA 

The route takes tourists through Escanaba, located at the north 
end of Green Bay (Map 24) It serves purely as an overnight 
stopping place for the majority of them The hinterland is not in¬ 
viting, since it was lumbered at an early date and is now very badly 
burned over At the best it is covered with a poor stand of brush 
and is a monotonous plains area .No effort has been made to provide 
cottages on the bay shore for visitors or to develop boating or swim¬ 
ming facilities in the adjoining bodies of water. The cottages east of 
Gladstone and south of Escanaba, shown on the map, are owned and 
maintained by local residents of Escanaba for their own use and 
pleasure and usually are not available for visitors during the summer 
months The city has a very large number of tounst lodgmghouses 
and restaurants, as well as fair hotel accommodations No effort has 
been made to keep or delay visitors m this area by providing anything 
that will interest them, so that their stops are of short duration. 
Escanaba is merely a stopping point on the route to somewhere else 
and, accordingly, it behooves the resident to pluck the plumes of the 
bird of passage (as the tourist really is) while he is en route Fortu¬ 
nately, discretion has been used to the extent that the traffic has not 
been unduly discouraged. 


KUNIS1NO 

Munising is also a tourist town, but it has a definite resource to 
attract the tourist (Map 25). The Pictured Rooks, which are reached 
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Map 24 Escanaba, Delta County 

Note the absence of cottages on the Stomngton Peninsula except across from 
Gladstone, and the concentration of cottages along Green Bay south of Escanaba 
The latter site is more accessible to Escanaba, which has resulted in its develop¬ 
ment 
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from this point, servo as a magnet which draws visitors to this area 
For many people they are an objective, not merely an incident of a 
trip Munising has a very beautiful site It is located on a magnifi¬ 
cent, almost land-locked bay and is backed on the land side by heavily 



Map 25 Munising and vieuuty, Alger County 

wooded, deeply dissected cliffs Many people call it the Naples of 
America Lodginghouses are numerous, and the spirit of a resort 
town is not lacking here as it is in Escanaba The wooded slopes 
lying back of the town arc likely some day to be covered with great 
summer estates, but much must be done before that will be a reality 
One thing that Mmusing needs and needs badly is a good fire The 
chief calamity from such a fire would be the survival of some build¬ 
ings If it were possible to get nd of the shacks that disfigure the 
shore line, then man could rebuild in a way which would not detract 
from the beauty that nature has here provided The main attraction 
is, of course, the Pictured Bocks, the cliffs which border Lake Su¬ 
perior to the east of the town. These cliffs extend for about twenty- 
five miles, and visitors are shown them from boats The cliffs are 
composed of a resistant limestone, which rises sheer from the water’s 
edge. They vary in height from seventy-five to three hundred feet 
and have been cut by the waves into many fantastic forms Stacks, 
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caves, arches, and waterfalls, where streams drop from their gages 
over the cliffs into Lake Supenor, provide a variety of scenery which 
is very pleasing and interesting to the visitor Except at Miner’s 
Castle it is almost impossible to see the Pictured Bocks from the land 
side The operating of boats to take visitors to see the rocks has 
proved a very profitable business and employs many of the residents. 

Grand Island, which shuts off Munising Bay from Lake Supenor, 
is a privately owned recreation area. The Cleveland Cliffs Mining 
and Timber Company, one of the largest employers of labor m the 
Upper Peninsula, owns the island and maintains it as a summer resort 
for their office men and for officials of the company. A large resort 
hotel, the Williams Hotel, is operated by the company for the use of 
its employees Hunting is prohibited, and the virgin timber has never 
been disturbed, making it a wilderness park in the true sense of the 
word It may be that this island will be opened up to the public in 
the near future, since the company has suffered in the depression, as 
have other concerns, and would like to derive some revenue from its 
investment on the island 

To the west of Munising, at Au Train Lake, is a very promising 
summer-resort development. There are now fifty-nine cottages, most 
of which are rented to summer visitors. With the exception of about 
a dozen, all have been built during the last five years and the colony 
is expanding rapidly. The majority are owned by local people and 
rented to transients, but a few were built by individuals who re¬ 
turn to this area every year and want to own their own places. An 
effort 1 b bang made to increase this kind of resorter. 

LBS 0HENHAUX ISLANDS AND ST IONAOB 

The third type study discusses two sharply contrasting develop- 
ments in the southeastern part of the Upper Peninsula These two 
areas axe Lee Cheneaux Islands and St. Ignace (Map 26). 

St Ignace is the eastern entrance to the Upper Peninsula. Its 
function is much like that of Escanaba, being a stopping point for 
tourists on their way to other localities During the last eight years 
a real effort has been made to provide better facilities to take care of 
resorters, with the result that about one hundred new cottages have 
been built Some oi these are very fine log cabins, but most of them 
are used to house overnight visitors. St Ignace has had a bad repu¬ 
tation for overcharging the tourist, and the practice still persists, in 
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Map 26 St. Ignaee and Lea Chateaux Island*, Mackinac County 

spite of the efforts of some citisens to live it down The psychology 
is “Get what you can from the tounst You may never see him 
again ” The old exploitation idea is still present in a vicious form 

At St. Ignaee itself there is little of interest for the visitor, but 
within easy dnving distance there are several features that could be 
used to entertain him The land in the immediate vicinity is low 
and swampy or else composed of limestone outcrops, and the timber 
has been cut or burned, giving it a desolate, uninviting appearance 
Actually, it is depressing to the beholder, so that it does not encourage 
residence for any length of tune. The map shows the relative location 
of the cottages and the general site of the town. The majority of 
people who go to the trouble of crossing the “Straits” from the south 
do not linger long at St. Ignaee. Thus its primary function is that 
of a terminal at the east end of the Upper Peninsula and an entrance 
to the Peninsula from the rest of the state. 

About twenty miles to the northeast lie Les Cheneaux Islands 
These islands are the rite of one of the finest summer resorts in the 
state. An outcrop of relatively hard dolomitic limestone, dipping 
gently to the south and having a strike running from northwest to 
southeast, extends obliquely into Lake Huron. The receding glacial 
waters cut many channels through this outcrop, and the present lake 
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level is such that the channels are flooded and the outcrop exists as a 
senes of islands A very thin layer of soil is found here, and the 
islands are covered with birch trees, from which they have obtained 
their name, Les Cheneaux Deep but narrow channels between the 
wooded islands, which have many bays and coves, provide unexcelled 
waters for fishing and boating The natural beauty of the region ib 
very stnkmg, especially when compared to the areas near it, and it 
attracted resorters at an early date For a long time visitors came 
only by boat from Mackinac Island or St Ignace, which were reached 
by the large lake passenger boats For forty or fifty years Les Che¬ 
neaux have been a summering place of the socially prominent from 
the lower lake region Now that they can be reached overland by 
road they serve a larger number of people, but they have not lost 
their atmosphere of refinement and quiet The islands are Btill 
frequented by the exclusive class, and it is almost impossible for new¬ 
comers to purchase either summer estates or cottages in the older 
established clubs Newcomers have had to content themselves with 
sites for their summer homes on the mainland or on outlying portions 
of the islands The site of this development is as ideal as any m 
all Michigan for a summer colony and was one of the first chosen 
for development 


PIGEON RIVEtt PROJECT 

The Pigeon River tract involves a type of land use very different 
from that of Escanaba and St Ignace, which are used as overnight 
stopping places, from that of Munising, where there are special 
features for sightseers, and from that of Les Cheneaux, which is ex¬ 
clusively a resort development It lies in the northern part of the 
Lower Peninsula and can be reached from the mam routes of travel 
to the “Straits” (Map 27) The casual sightseer does not know it 
is there, since it is isolated from these routes 

The State Department of Conservation fell heir to several thou¬ 
sand acres of this land, owing to the fact that former owners could not 
afford to keep up the taxes on the land once the timber had been cut 
off, and there seemed to be no other good economic use for it The 
Department has added to its original holdings by purchasing several 
thousand acres more, so that it now owns outnght about four town¬ 
ships. Two state forests, a game preserve, and a large area of public 
hunting land have been established in this tract Much time, 
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thought, money, and labor have been poured into these projects, 
which have resulted m the tract becoming onp of the major projects 
of the Department. 

The area is composed of sharply defined moraines, a little till 
plain, and a great deal of outwash plain Two large nvers dram 



Map 27 The Pigeon River tract in Otsego and Cheboygan counties 


through it, and many kettle and pit lakes are m it The streams are 
excellent trout water, and the improvements that have*been made on 
them will bring about an even better habitat for trout During the 
trout season many fishermen come to this tract and set up camp 
Deer and small game abound, especially on the borders of the game 
preserve. The area has been lumbered, but since it has not suffered 
greatly from fire, the second-growth cover develops unusually well 
In some sections, where fires have destroyed the cover, plantings 
have been made, and the present plan is to manage the tract in such 







394 Edward C. Prophet 

a way that in the course of time it not only will have a good stand of 
timber but also will be a wilderness park serving hunters and fisher* 
men as well as attracting those who wish to camp m the wilds and 
study nature In a number of states the aesthetic value of our wild 
lands has been largely overlooked in the conservation movement, 
but in Michigan some attention is being paid to it It has been found 
that a hve deer which a tourist can see in its native habitat is a great 
attraction and draws city dwellers to the wild lands for their vaca¬ 
tions If these visitors can see some wild animals in their native 
habitats, the tnp is a success, and they come again If vistas are 
cut in the forests, the tounst can see the lay of the land better, and 
the monotony of continuous forest or brush is avoided, making his 
trip more interesting These are some of the things that are now 
making the Pigeon River tract inviting to tourists It is already 
starting to function as a magnet to draw people north, just as the 
Pictured Rocks do, and thus it serves several functions. 

Projects of this sort are absorbing several hundred thousand acres 
of the so-called waste lands of the state. They are not really 
“waste lands,” but merely “idle lands,” and are gradually being con¬ 
verted into use by the recreational industry. The aesthetic use of 
wild land does not interfere with its use for forest products or for 
by-products like game, fishing, and nature study 

BTJlfMART 

This study is an attempt to present briefly several phases of the 
recreation industry as it is developing in Michigan. The types 
chosen are not all-inclusive but merely representative. Eecanaba 
and St Ignace serve the tourist exclusively; Munising acts as a 
magnet to draw people north and also serves the tounst as well as 
the resorter, Lee Cheneaux are a resort region with relatively little 
tounst trade; and the Pigeon River tract is an example of the exten¬ 
sive use of idle land for a wilderness park, comprising timber grow¬ 
ing, hunting, fishing, and other outdoor recreation. These are only 
types, since there are doaens of other localities which are functioning 
in a similar manner 

Land and resources that would otherwise be idle are being put to 
work through the recreational industry and are providing employ¬ 
ment for thousands of local residents who would otherwise have to 
move away and seek employment elsewhere. 
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Not one of these resources is unusual or exceptional, and the writer 
has no idea of suggesting that Michigan is better equipped for recrea¬ 
tion than are other states or that the state has anything to boast of 
in this line, but the intent is to show how very ordinary resources can 
be put to use and provide employment and thus allow an area to 
develop 

Michigan Stats Columb 

East Lansing, Michigan 




FUNCTIONAL AREAS OF DETROIT, 
1890-1933* 

LEONARD 8 WILSON 

T HIS Htudy of the growth and change in the functional areas of 
the city of Detroit presents a portion of the uncompleted story 
of the growth of the city In preparing the material plotted on the 
accompanying maps an attempt was made to relate the evolution 
of the various divisions of Detroit to the data of the United States 
censuses The procedure outlined below might well be followed in 
constructmg functional maps in the historical growth of any city 

METHOD 

The technique followed m working out this senes of maps com¬ 
bines the discipline of the historian with that of the geographer 
Smce all the functional maps predent landscapes which are at least 
ten years old, the entire work of delimiting the divisions of the city 
was related to the available documentary evidence on its growth 
The most important single source of information was the city 
directones for the years under consideration 1 These publications, 
compiled during the years discussed, present material which accu¬ 
rately lists all the buildings in the city, with the address and the use 
of each From these sources, checked through the office of the city 
engineer, it was possible to locate withm a block the entire structure 
of Detroit However, with the exception of the manufacturing and 
commercial buildings, the Polk directories gave no clue to the func¬ 
tion of the individual structure m relation to the city as a whole 
Consequently, it was necessary to consult records of dwellings as 
they existed m the period under consideration 

Aside from the purely phyncal information contained in the 

* The field work done in connection with this paper wee made possible by 
the granting of a Fellowship in Geography by the Earhart Foundation for 
R e s e a r ch in Metropolitan Detroit 

1 Polk, R. L., Directory qf the City qf Detroit R. L. Polk, Detroit, Michigan, 
1801,1001,1011, 1081 
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directories, other historical sources pertaining to the city were inves¬ 
tigated to learn the location of each class of dwelling Among the 
more important historical papers dealing with this subject are the 
various local histones 3 First- and second-class residences were 
plotted from sources similar to those mentioned above, and court 
calendars, newspapers, and police items tended to indicate the loca¬ 
tion of the poorer residential areas' From these sources an accurate 
picture of the history of the city could be had By the correlation 
of this history with the information previously mentioned as to the 
buildings of Detroit, the accompanying senes of functional maps 
was prepared As an explanation of the growth of the city, a bnef 
account at the histoncal development of the urban area is included 
with the descnption of each map. This account describes the changes 
in the functional areas 


MAP FOB 1890 
(Map 28 ) 

Pnor to 1890 the city of Detroit was primarily a one-industry 
town The copper and the iron deposits in the Upper P eninsula of 
Michigan had been worked, and the smelting industry was of funda¬ 
mental importance This industry, combined with a smaller amount 
of lumbering and commerce, was the mam source of employment m 
the city By 1890 these industries, augmented by the addition of 
several small manufacturing plants, had developed the following 
pattern. 

Industry was located withm the city m a long narrow sone, 
interrupted only by Woodward Avenue, along the Detroit River. 
The Inner Belt Railroad had been built during the previous decade 
and the beginning of industrial replacement begun. Apparently the 
crossing of the Michigan Central Railroad and the Grand Trunk 
Railroad produced a satellite core beyond the city proper. The 
development, known as West Detroit, grew around a large stockyard 
located here. Shortly afterwards, several industries, formerly sit¬ 
uated around the nver front, moved into this new center because 
of congestion in the downtown area. Other beginnings were made 
on West Jefferson Avenue, the Milwaukee Junction section, and at 

* Histories of the city are beat exemplified by Silas Fanner, History cj Dttrok. 
Fanner and Company, Detroit, 1884. 

• Aaotbarviaspoitant aouroe was the Burton Historical Collection, of the 
UHTon ranffuinvyt 
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the crossing of the main roads and the railways. These functional 
units in turn attracted associated groups. Small stores serving local 
needs followed the industrial development and in turn attracted 
small areas of third-class residences. Thus small independent areas 
oompoeed of the three functional units mentioned aboVfc were estab¬ 
lished beyond the limits of the city proper. 

The commercial areas, which, on the basis of function, may be 
divided into commercial core and outlying commercial, were located 
along the five main radial streets (see Map 29) .* The commercial 
eon was bounded by Woodward, Jefferson, Cass, and Michigan av- 

4 Tbs five radial streets referred to are Woodward Avenue, Gratiot Avenue, 
Grand giver Avenue, Michigan Avenue, and Jefferson Avenue. 
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enues On the southern and the eastern sides an area of outlying 
commercial development was established in several blocks between 
Jefferson and Gratiot avenues The beginning of the important rdle 
played by the five radial streets appeared Commercial develop¬ 
ment took place on Jefferson, Michigan, Grand River, Woodward, 
and Gratiot avenues, the attraction being the establishment of city 
markets at the limits of the town Secondary commercial streets 
became apparent chiefly in the area east of Woodward Avenue, 
which had formerly been the site of first-class residences The nbbon 
pattern of commercial development followed the extension of these 
streets, which were drawn north during the decade 1880-00 by the 
increase m the importance of Milwaukee Junction. Other important 
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locations were found along north-south streets between Michigan 
and Jefferson avenues on the west Bide and between Jefferson and 
Gratiot avenues on the east side of the commercial core One more 
commercial area was Btarted on north Woodward Avenue m the 
vicinity of the present-day Grand Boulevard 

First-class residences were confined to the blocks on either side 
of Woodward Avenue north of Grand Circus Park, the area around 
Washington Boulevard, West Fort Street, and Jefferson Avenue, 
east of Woodward Avenue A few people were beginning to move 
into the vicinity of the old race track, where the Indian Village 
development of today is located 

Second-class residences were practically nonexistent, being con¬ 
fined to a small area near the junction of Grand Boulevard and 
Jefferson Avenue Another small area was on the Boulevard near 
the junction with Woodward Avenue 

Third-class residences made up the major portion of the city 
In outlying districts these dwellings were composed of one- and 
two-story frame buildings In the center, near the commercial core, 
and especially west of Woodward Avenue and south of Michigan 
Avenue, were old second-class residences It is probable that this 
section may have been the slum afea of the 1890’s 

map for 1900 
(Map 30 ) 

Dunng the 1890’s the automobile industry started At first the 
process was merely an assembly of parts manufactured in plants 
which normally dealt with portions of the machine, such as motor 
castings and wagon bodies The motor blocks, for example, were 
manufactured under contract by the several iron foundries and 
smelters associated with the earlier concentration on ores from the 
Upper Peninsula Bodies were furnished by the wagon companies 
already established, so that dunng the infancy of the industry no 
radical changes in the manufacturing section were made The auto¬ 
mobile industry merely occupied structures abandoned by other 
industries. 

In 1900 the manufacturing developments remained closely allied 
with the transportation systems The majority of these plants were 
along the bank of the river south of Jefferson Avenue There was, 
apparently, a continued growth in the direction of the railroads, 
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with a slight increase in areal extent indicated in all sections. The 
satellites at Milwaukee Junction and West Detroit continued to 
grow. 

The commercial core had expanded until it reached from the 
nver along Woodward Avenue to the southern border of Grand 



Circus Park. It is interesting to note that for ten years this small 
boundary acted as a barrier to northern expansion. This functional 
unit also occupied the former first-class residential area on Washing¬ 
ton Boulevard and had taken over a considerable portion of outlying 
commercial property between Gratiot and Jefferson avenues, as well 
as the first-class residences on Fort Street. 

This period also saw the further development of the five radial 
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streets along commercial lines. Jefferson Avenue became a com¬ 
mercial street as far east as the Inner Belt Railroad Russell Street 
was of secondary importance as a commercial thoroughfare, while 
the roads between Russell Street and Woodward Avenue as far north 
as Qratiot Avenue began to show a skeletal structure of commercial 
buildings 

Residential areas as a whole tended to fill in the unoccupied 
land within the city. The first-class areas on Woodward Avenue 
contracted because of the expansion of the commercial areas Wash¬ 
ington Boulevard was entirely given over to commerce, and new 
concentrations appeared along West Grand Boulevard at Woodward 
Avenue, on East Grand Boulevard, and on East Jefferson Avenue 
beyond the Boulevard 

Second-class residences continued to be closely allied with first- 
class dwellings They all occupied adjoining areas and tended to 
act as buffer sones between first- and third-class residential areas 

The greateat change occurred in the third-class residential areas 
These continued to expand, filling in the vacant areas within the 
city and making nbbon-like extensions along streets leading to out¬ 
lying commercial centers and toward the intersections of the five 
radial streets with the railroads For the first time in the years 
studied this type of dwelling succeeded in surrounding the older 
first- and second-class residential areas. 

In 1900 warehouses were scattered for the most part throughout 
the transportation area, with a heavier concentration along the nver 
than elsewhere It was during the preceding ten-year penod that 
the trade commodities of the city changed from raw or semiprocessed 
materials to manufactured articles which had to be protected from 
the weather. 


MAP FOR 1010 
(Map 31) 

By 1910 motor-car manufacturing had become firmly established 
in the industrial life of Detroit. As a result the industry began to 
occupy its own buildings, which, because of the crowding of the 
downtown river area, had to seek other places of attachment A 
comparatively rapid growth took place, an early indication of what 
was later to develop into one of the most disorganised urban agglom¬ 
erations hi the United States. 
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Map 31 


Industrial property showed a marked departure from the close 
formation of the preceding decadeB This was caused primarily by 
the expansion of the automobile industry Ford built his Highland 
Park plant in the latter part of the decade On East Jefferson 
Avenue, beyond the city limits, Continental Motors, Hudson Motors 
and Chalmers Motors were established Automobile factories acted 
as magnets, drawing the city out toward them. At this time, too, 
the motor-ear industry was plagued by “fly-by-night” concerns 
which sprang up in less favorable locations For the most part these 
were located m abandoned factories near the downtown section 
Here one other important change occurred, namely, the retreat of 
the industrial area served by both the river transports and the rail¬ 
roads, it was invaded by large warehouses, which became an impor¬ 
tant feature in the industrial scheme of Detroit 

The commercial core had nearly doubled m area It extended 
from Jefferson Avenue north along Woodward Avenue to the third 
block beyond Grand Circus Park. In width it encompassed most 
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of the area between Cass Avenue and Brush Street A considerable 
portion of this expansion may be accounted for by the increase of 
real estate offices and of branch offices of various industries which 
served the manufacturers of automobiles. In addition, many new 
stores were opened, theaters and hotels were built m the vicinity of 
Grand Circus Park, and the trade in the commercial core expanded 
into new fields of endeavor The southern limit contracted from 
the water front to Jefferson Avenue, and m this section was replaced 
with terminals of the cross-nver transportation lines 

Outlying commercial areas continued to expand along the five 
radial streets, but with less rapidity, especially on Grand River and 
Woodward avenues Many small stores that existed on the west 
side in 1900 had been abandoned by 1910 A more concentrated 
grouping of these establishments was found on streets connecting 
the main arteries with the outlying industrial plants A shifting of 
the commercial center around Milwaukee Junction was "also no¬ 
ticeable During the period pnor to 1910 Warren Avenue began to 
develop as a business street A heavy concentration of stores serv¬ 
ing the outlying residential areas sprang up and continued at least 
until 1920 Kerclnval Avenue, on the east side, and Mack Avenue 
also began to expand as commercial roads The size of the outlying 
commercial area on the east side of the commercial core declined, 
possibly because of the increased diversity of products handled in 
the core proper and the movement of people from the downtown 
section to the periphery of the city 

Residential classifications became more complex with the begin¬ 
ning of cheap rapid transportation for all In 1910 the first-class 
residential districts had moved outward beyond the Boulevard In 
the vicinity of Woodward Avenue and Boston Boulevard the major 
new area of first-class dwellings was established. It was on the very 
fringe of the city, only the Ford plant in the village of Highland 
Park was north of this district Between the first-class dwellings 
and the Boulevard a large section of second-class dwellings grew up 
Another first-class residential area was just east of the Boulevard, 
on Jefferson Avenue 

Between the first- and the third-class residences sections of 
second-class dwellings appeared as buffers between the two types of 
homes already noted These concentrations were along Boston and 
Grand boulevards. A minor growth of dwellings in this classifies- 



406 Leonard 8. Wilson 

tion was located in Indian Village and on East Grand Boulevard 
near Jefferson Avenue. 

Expansion in the residential classes was concentrated in thud-class 
areas. Many of the old first- and second-class areas, especially along 
Woodward and Jefferson avenues, became rooming-house districts 
In addition, the automobile industry attracted large numbers of 
people to the city, and these immigrants tended to locate close to 
the source of employment This resulted in the beginning of the 
spread of subdivisions. Prior to 1920 the city was a compact unit, 
with major expansions along the five radial streetB The first large 
unsettled areas within the city proper are of this date In all cases 
these are near third-class residential areas and railroads. This might 
be an indication of land speculation for industrial development 

MAP FOB 1920 
(Map 32) 

In 1920 the automobile industry was weathering its first depres¬ 
sion, expansion had gone on at a very rapid rate and land values 
rose to unheard-of prices. Speculation, combined with a rapidly 
increasing population and cheap quick transportation, began to 
make its impression on this cultural landscape. There were large 
blocks of unoccupied land within the city. Commercial streets 
extended to the limits of the settled areas and beyond 

At this time manufacturing had almost abandoned the river 
front near the center of the city to warehouses, which had multi¬ 
plied in number with the expansion of the motor-car industry. A 
few establishments connected with the refining of salt remained on 
the west side of the city Nearly all others moved out to advan¬ 
tageous sites along the railroads. Notable areas of concentration 
were those at West Side Junotion, formerly West Detroit, Mil¬ 
waukee Junction, and the crossing of the Outer Belt Railroad. 
Other sections of the city in this functional class were located on 
Kerchival and Jefferson avenues. 

During the same period the commercial core had expanded to a 
considerable distance north of Grand Circus Park along Woodward 
Avenue and had occupied a number of blocks on Michigan and 
Gratiot avenues, Fort Street, and Lafayette Boulevard. On the 
east side the boundary had moved outward to include a portion of 
the commercial area as far as Russell Street. The core proper had 
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Map 32 


not refintered the tone between Jefferson Avenue and the river, it 
was entirely surrounded by outlying commercial cones 

The outlying commercial areas continued to expand along the 
five radial streets, m many instances beyond the built-up residential 
areas. Gratiot and Michigan avenues were paralleled J>y other com¬ 
mercial streets. Satellite centers grew very rapidly, especially those 
at Grand Boulevard, Woodward and Jefferson avenues, East Grand 
Boulevard, and Highland Park. 

First-class residential areas continued to exist along Chicago 
Boulevard and m Indian Village, but many of the wealthier citisens 
had moved either far beyond the city to the small summer resort of 
Grosse Pointe or into apartment buddings, the area of which was 
lust beginning to expand. 
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Map 33 


As before, second-class residential areas surrounded the first-class 
zones In contrast to the 1890 era these covered more space than 
did the first-class sections, and growth continued in a northwest 
direction beyond Chicago Boulevard and north of Indian Village 
Third-clasB residential areas again showed the greatest change. 
These tended to follow the precedent started at the outset of the 
motor-car era, namely, to settle in the vicinity of the factories Land 
speculation, combined with the universal use of automobiles, spread 
the city over a large area, leaving great blocks unoccupied within it 

map for 1033 
(Map 33) 

Map 33 mdicates that the changes in the city which took place 
in 1910 and which were shown on the 1920 map as continuing 
actually did carry on until 1933-34 The only change that has 
taken place Bince the construction of this map is the removal of 
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a portion of the outlying commercial area and the commercial core 
Apparently, the city is m a static condition so far as growth is con¬ 
cerned If anything, it is contracting, both because of vacancies m 
commercial buildings and because of the actual removal of such 
structures 


CONCLUSION 

In conclusion, a few generalizations are here made: 

1 Improved transportation may be the cause of the spreading 
of the city over a largpr area than is necessary for the inclusion of all 
functional units 

2 The reversal of the sequent occupance on major transporta¬ 
tion routes is characteristic of modern urban growth Prior to the 
motor-car era, outlying commercial development followed the resi¬ 
dential occupation of any area At present it tends to precede it 

3 In competition with industry, commercial developments in 
satellite areas tend to be forced to relocate, regardless of the favor¬ 
ableness of the site. 

4 The circumference of a first- or second-class residential area 
by third-class dwellings appears to end the growth of the district as 
a member of either of these functional groups Shortly after the 
enclosure the dwellings decline The former occupants move to a 
different location, rooming and apartment houses begin to appear, 
and the function as an exclusive or a superior residential area ends 
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GLACIAL-LAKE LEVELS INDICATED BY 
TERRACES OF THE HURON, ROUGE, 

AND CLINTON RIVERS, MICHIGAN 

JAMES WILLIAM BAY 
INTRODUCTION 

T HE nvers of southeastern Michigan originated as small streams 
flowing from the retreating ice front of the Huron-Ene lobe of 
Wisconsin glaciation Their courses were at first northwestward to 
westward away from the ice front, or southwestward along the 
margin of the glacier 1 As the glacier withdrew from the area and 
the senes of glacial lakes began, new and lower base levels to the 
southeast were provided for these streams By Lake Maumee time 
the drainage courses had become so altered that all the major streams 
flowed southeastward as tnbutanes to the lake During the lake 
stages which followed, the valleys of these streams were lengthened at 
the mouthward end as rapidly as the lake waters lowered and exposed 
the lake bottom to erosion. As a result of these activities the drain¬ 
age basins of the present nvers contain portions of the morainal area 
and of the subsequently formed glacial lake plain of this region. 

Into this new terrane of morainal till and the days, sands, and 
gravels of the lake plain each nver has opt its valley* The uncon¬ 
solidated materials have made it possible for the nvers to adjust 
their valleys to changing base levels. Thus, in spite of the relatively 
short time of each event, a rather complete record *of the history 
is preserved in the terraces of the valleys. This record is of value 
as a verification or as a contradiction of the history which has 
been interpreted from the glacial and the glacial-lake features of the 
area. 

1 The direction of the retreat of the ice in this part of Michigan wee south¬ 
eastward toward the low part of the Erie basin. For a brief dismission of events 
from the Wisconsin glaciation to the present time see I O. Russell and Frank 
Leverett, "Ann Arbor Folio," Gtelogto Aflat e} Ms Untied Statm, No 158 12- 
14. 1215 
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Map 34 


In the valleys of the Huron, Rouge, and Clinton nvera are terraces 
which mark the flood-plam levels of these streams during the lives 
of several of the glacial lakes The most significant of these ter¬ 
races are found in the Upper Lake Plain section of each stream 
(Maps 34-37 *) The area to be considered here extends about fifty 
miles along the upper part of the glacial lake plain m a northeast- 
southwest direction It is a belt which lies between the moraines at 
the upper edge of the lake plain and the abandoned shore line of 
Lake Wayne, which is from six to twelve miles to the southeast 

* The glacial and the glacial-lake features are largely based upon the surface 
geology maps of the Ann Arbor, Romulus, and Wayne Quadrangles published 
by the U S Geological Survey 

Frank Leverett, of the U S Geological Sumy, has very kindly consented 
to the use of certain portions of his manuscript maps of the Pontiac and Rochester 
Quadrangles and has offered valuable suggestions throughout this study. The 
writer is indebted to D U Gunter, W G Moore, and F E Stormer for their 
assistance in the field mapping and leveling work in the valleys of the riven 













Fia 2 

Views, looking downstream, of terrace of lake Wayne age cut in delta terrace 
of Lake Warren age, south side of Huron River valley, one mile west of 
Belleville (Fig 1) and two miles west of Belleville (Fig 2) The back 
slope of the delta terrace is one half to three quarters of a mile from these 
locations (see Map £5) 
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The Huron is the largest and most southerly of the nvers which 
flow across this belt, and it furnishes the type valley for the study 
of the terraces 

FEATURES OF THE HURON RIVER VALLEY 

Map 35 of the Upper Lake Plain section of the Huron River 
Bhows three large terraces which correlate with the lake beaches 
crossing the valley Miscellaneous smaller terraces exist downstream 
from the Wayne shore line, but are not to be considered at present 
The oldest of the large terraces extends upstream from and correlates 
with the Whittlesey beach * A large portion of the town of Ypsilanti 
is built on this feature It consists of bedded gravels, which pre¬ 
sumably represent the delta of the Huron River deposited during 
Lake Whittlesey time in the still waters of an estuary before reach¬ 
ing the lake itself The estuary had been formed by the Huron River 
cutting its valley to the low level of Lake Arkona and later becoming 
drowned when the water rose to the level of Lake Whittlesey West 
of Belleville is a large terrace correlating with the Warren shore 
line,* with upstream remnants cut in the terrace of Lake Whittlesey 
age The Warren terrace, like that of Lake Whittlesey age, is a 
delta terrace and signifies a former lower stage of valley cutting before 
Lake Warren time The third terrace begins back of the Wayne 
beach about two miles south of French Landmg and extends up¬ 
stream through French Landmg and Belleville, and portions are cut 
m the Warren terrace west of Belleville (PI XLIV) The identity of 
the detached remnants of these three large terraces has been estab¬ 
lished by an extensive senes of levels, sea-level elevations were 
measured along the entire length of each terrace 

Between the Whittlesey beach and that of Lake Wayne the Huron 
River deposited a large delta of the normal type, which covers an 
area of over fifty square miles. Most of this is believed to have 
been built into Lake Arkona. The map indicates that the Arkona, 
Warren, and Wayne shore lines take an arcuate path around this 
feature. 

1 The temoes of Lake Whittlesey and Lake Warren ages in the Huron River 
valley were first described by Russell and Leverett (op at, p 14), but they 
stated at the time that “studies of the valley features were not sufficiently de¬ 
tailed to justify the complete mapping of each terraoe or its coordination with 
the lake level to which it corresponds.” 

4 See note 8. 
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REGIONAL HISTORY SUGGESTED 

The terraces and the large delta just described suggest the fol¬ 
lowing events m the glacial lake history. 

1 A low-water stage in Lake Arkona time existing while the Huron River 
built a large delta Into the lake The valley of the Huron River was cut to 
the low-water level of this lake 

2 Rise of the water to the Lake Whittlesey level, which caused the drowning 
of the Huron River at its mouth and the creation of an estuary in the valley. 
This was filled by sediments which tho river deposited to form the inset della 
or delta terrace upstream from the Whittlesey beach. 

3 Lowering of the lake to a level at or below the Wayne beach 

4 Rise of the water to the Lake Warren level, which caused ike deposition 
of the second delta terrace in the same manner in which that of Lake Whittlesey 
age was formed 

5 Lowering of the lake waters to the Lake Wayne level The river adjusted 
itself to the new base level and cut the terrace which extends upstream through 
Belleville and which is cut tn the delta terrace of Lake Warren age 

This order of events differs from the accepted history, as deter¬ 
mined from the glacial lake shore features, in one important respect. 
The terraces indicate that Lake Warren was followed by either Lake 
Wayne or a second stage of Lake Wayne instead of by Lake Grass- 
mere 


FEATURES OF THE ROUGE AND CLINTON RIVER VALLEYS 

The River Rouge (Map 36) consists of several branches which 
began as separate streams that extended the mouthward portion 
of their courses across the lake plain as rapidly as the lake waters left 
the area These did not become joined to form one nver until Lake 
Elkton time The Middle Rouge is the oldest and largest of the 
branches. The Clinton River (Map 37) is intermediate in sue be¬ 
tween the Huron and the Middle Rouge. 

The maps indioate that there is a terrace of Lake Whittlesey age 
m the valleys of the Middle Rouge, the Bell Branch of the TH i p> 
m Sections 6 and 7, Livonia Township, and the Clinton. These 
can be positively identified as being of the same age as the 
of the three Huron River terraces because of their relationship to 
the Whittlesey beach, which is practically an unbroken ridge over 
the entire distance. Furthermore, on the Middle ft/m g* the 
Clinton the terrace contains bedded gravels. The absence of a ter- 
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race of Lake Whittlesey age on some of the streams suggests that 
they were too small at that time to adjust themselves to the changing 
base levels. 

A terrace which corresponds to the lowest of the three Huron 
River terraces is present in the valleys of the Middle Rouge, the 
Bell Branch of the Rouge in Section 10, Livonia Township, the 
Upper Rouge, the Main Rouge, and the Clinton. These terraces 
are recognized by the fact that all of them, including that of the 
Huron, are at elevations close to 650 feet above sea level and are 
at or near the front of the large fan-shaped delta which had its 
origin in Lake Arkona time. 

The middle of the senes of three terraces is represented in the 
valleyB of the Middle Rouge, the Bell Branch of the Rouge in Sec¬ 
tion 3, Livonia Township, the Upper Rouge, and the Clinton These 
features are considered to be counterparts of the Huron River ter- 
raoe of Lake Warren age because* (1) by Lake Maumee time the 
Huron, Rouge, and Clinton were subject to the same lake-shore 
conditions at their mouths, and therefore the Lake Plain sections of 
the valleys of each river should show the same number of large 
terraces; (2) the location is between the Whittlesey beach and the 
terrace of Lake Wayne age, both of which are easily recognized, 
and (3) the structure of this feature in the Clinton River valley is 
the same as that of the Huron There are no exposures of structure 
in this terrace on the Rouge 

The relation of the Wayne terrace to the Warren is evident in 
the valleys of the streams which have both The Clinton River 
furnishes an even more perfect example than the Huron, the terrace 
of Lake Wayne age extends upstream from Utica as a single un¬ 
broken feature one and one-half miles into the Warren This rela¬ 
tionship is also well illustrated in the Middle Rouge valley. 

The delta of Lake Akrona age appears on the Rougd River map. 
On the Clinton River map it is suggested by the curvature of the 
shore lines as they approach the valley, but the exact boundaries 
have not been mapped 

Before proceeding further it should be noted that the correlation 
of the Whittlesey terrace on the various rivers waa baaed largely 
upon its relation to a strong beach whose identity could not be mis¬ 
taken at any point. The Wayne terrace was recognised principally 
by Ha elevation. Because of the fragmentary nature of the Arkona 
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and the Warren shore lines and for reasons which will appear in the 
next section of this paper, neither position with reference to a strong 
beach nor elevation could be used as a basis for correlating the 
Warren terrace Therefore the three points enumerated above were 
used This method of correlation brings the terraces of all the riven 
into a unified system In addition, the order of events suggested 
by the features of the Huron River valley receives the fvU support 
of all the facts furnished by the other nvers 

WATER LEVELS OF THE GLACIAL LAKES 

It is now possible to examine the record of elevations taken at 
the most downstream portion of the terraces in order to arrive at a 
water level for the lakes with which each terrace has been correlated 
These elevations should be closer to the actual water levels than 
any previously determined because the lower sections of the terraces 
represent the flood plains at the mouths of the nven tributary to 
the lakes In the past, lake levels have been determined largely 
from crest lmes of beaches which have been built up above the levels 
of the lakes 

Table I contains elevations taken at the ancient mouths of the 
rivers. Most of these elevations are an average of several points 



Fra 11 Typical valley profiles, showing location of former nver mouths 
Letter z indicates position of river mouth and also water level of lake 
Top Delta front built into lake below water line 
Center Delta front at water line 
Bottom Beach ndge at water line 

on uneroded portions of the terraces at distances so far from the 
back slope that slope wash has not caused filling. Special care was 
taken m the field to reach the most downstream portion of i»w*h 
terrace. These points were located by the following method: It was 
observed that the slope of the lake plain or the lake delta into which 
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each terrace was cut was greater than that of the terrace (Fig 11). 
Because of this condition the height of the back slope of the ter¬ 
race, or the depth to which it was cut in the plain, increases upstream 
and decreases downstream from any chosen point An area for level¬ 
ing was selected in the field where the terrace merged with the lake 
plain or where it terminated back of a shore hne. These two posi¬ 
tions are the old mouths of the nvera, and their elevations should 
be near the water level of the lake The elevations of the terraces 
increase upstream from the abandoned mouths, but are not of in¬ 
terest in determining lake levels 


TABLE I 

Elevations or Tbrbacbs Representing Former Mourns or Some 
Rivers Tributary to Lakes Wayne, Warren, and Whothesbt * 


Age of 
Terrace 

Huron 

Middle 

Rouge 

Bell Branch 
of Rouge 

Upper 

Rouge 

Main 

Rouge 

Clinton 

Lake Wayne 

650-652 

649 


647 

645 

649 

Lake Warren 

677-679 

691 


603 


604 

Lube 

Whittlesey 

726-725 

737-739 

735-737 



741 


* AU elevttioDa art tied to the mum see-level datum except those on the Huron which are 
subject to a correction of one foot or less Elevations reported between two limits (thus. 077- 
070) Indicate that there exists a variation to the amount reported 


The table indicates that the water level of Lake Wayne was 
around 640 feet above the present sea level Thu deduction u pos¬ 
sible because the terraces seem not to have been disturbed by tilting 
since their formation. 

The levels of Lake Warren and Lake Whittlesey are not so easily 
determined The elevations on the terracos of Lake Warren age in¬ 
crease from 677-679 feet above sea level in the Huron Rfver valley 
to 664 feet at the Clinton River, and most of this u between the 
Huron and the Middle Rouge. Similarly, the terraces of Lake 
Whittlesey age increase from 723-725 feet above sea level to 740-741 
between the Huron and the Clinton, with the greatest amount of 
increase again between the Huron and the Middle Rouge. These 
elevations strongly suggest tilting, with the Whittlesey terraces most 
affected and the Wayne terraces undisturbed. Before such conclu¬ 
sions can be considered definite, however, studies along the Whittlesey 
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beach are necessary. The crest line of tins feature should be a re¬ 
liable point to which levels can be run because it appears to be about 
the same height above the lake plain along its entire length. If 
tilting is displayed by the beaches, the terraces of the Saline and 
Raisin nvers to the south of the Huron should be mapped in order 
to determine where the tilting ceases Should the Huron River 
prove to be just south of this point, the water level of lake Whittle¬ 
sey, to judge from elevations m the Huron River valley, would be 
about 724 feet above the present sea level, and that of Lake Warren 
about 677-678 feet 


summary 


The Huron, Rouge, and Clinton nvers have an excellent record 
of their history preserved in the nver terraces and deltas which are 
associated with these streams in the upper part of the glacial lah* 
plain. These features are of value in studying the history of the 
glacial lakes that constituted the base levels to which the valleys 
were cut or filled According to the method of correlation used here, 
the main terraces are of three ages. Lake Whittlesey, Lake Warren, 
and Lake Wayne or a second stage of Lake Wayne From a study 
of these features the following additions or changes in the known 
glacial lake history of this region are indicated: 


1. Lake Wayne or, possibly, a second stage of TaIcb Wayne 
followed Lake Warren It was during the life of this lake that the 
lowest of the senes of three terraces was formed in the river valleys 
studied.* 

2. Points along the shore hne of this lake are established by the 

lower extremities of the terraces correlated therewith, these 

points represent the mouths of the rivers at that time. These thwV 1 
be an aid in the tracing of the lake boundaries, and the method to 
applicable wherever fragmentary beaches or tilting exists. 

3. The water level of this lake was around 640 feet above the 
present sea level according to the elevations on the most downstream 
portions of the terraces. 


* The lake which immediately preceded Uke Warren h mm me a. 
tenained from a etudy of the terraoee, but the Alfa Umct ofUkaWuMm am 
wee a low-water stage. WhetWthiTI2£ wreit^fiow S 
level of Uke Wayne can be determined by getting elevation* at thThaTaf th* 
gravd In the delta terraoe and comparing there with that of the 
terrace where it ie out in the Warren. ™ * ae ***• ’W* 
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THE CAMBRIAN-OZARKIAN CONTACT 
IN ALGER COUNTY, MICHIGAN 

STANARD Q BERUQUIST 

O F THE several counties situated in the Lowlands province m 
the eastern half of the Northern Peninsula, Alger is outstand¬ 
ing in possessing a wealth of natural scenic resources This county, 
comprising an area of approximately 1,000 square miles, haN a 
mainland water front of 83 miles along the south shore of Lake 
Superior (see Map 38) In this distance, and within a narrow belt 
extending inland some 8 or 10 miles from the present margin of the 
lake, numerous waterfalls, steep-walled rock escarpments, and shore 
cliffs find expression in the landscape 

During the summer of 1928 studies were undertaken of a large 
number of outcrops and rock exposures in Alger County, in con¬ 
nection with the work of the Land Economic Survey An effort 
was made to work out, at least in part, the stratigraphic relation¬ 
ships and to account for the development of the major topographic 
features, particularly along the nm of the Lake Superior basin Sub¬ 
sequent tnps, together with laboratory studies of numerous rock 
samples, have made it possible to draw some rather definite con¬ 
clusions relative to the geology of the area 

The text of this paper is concerned largely with that portion of 
the county m which the St Croixan 1 senes of the Cambnan system 
come in contact with the younger Hermonsville calcareous forma¬ 
tion (Map 39), which in Delta County Ulnch 2 and Hussey 1 have 
tentatively assigned to the Ozarkian system In an early report 
Rominger, 4 however, classifies this formation, lying between the 
Cambnan sandstone and the Trenton limestone, as the Calciferous 

1 E O Ulrich seems to have good evidence to support the view that the 
St Croixan formation of the Wisconsin area extends into the Superior region 
of Alger County The so-ealled Lake Superior sandstone would thus be included 
as a member of the formation Personal communication, 1935 
* E O Ulnch, personal communications, 1930 and 1935 
1 R. C Hussey, personal communication, 1930 

4 Rominger, C, “Palaeozoic Rocks [of the Upper Peninsula of Michigan],” 
Part III of JRep Otcl. Surv Mush , I 71-79 1809-73 
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The area studied includes rock sections at numerous falls across the 
county where northward-flowing streams plunge precipitously over 
an escarpment wall from 50 to 100 feet high as they break mto the 
Lake Superior basin. 

Field investigations of the numerous falls m the county seem to 
bear out the observation that they owe their position in large measure 
to the presence of a hard, resistant cap rock fairly uniform in struc¬ 
ture, but of somewhat variable thickness Laboratory studies of 
samples from several sections along the escarpment show that the 
cap rock ranges in composition from dolomitic sandstone to siliceous 
dolomite It rests unconformably upon the more weakly cemented 
and friable Cambrian sandstone below The cap rock in the various 
exposures appears in the field to have somewhat striking physical 
similarities Laboratory studies seem to bear this out and to prove 
without question that the rock composition within the formation 
is fairly consistent from one locality to another 

In the complete absence of megascopic fossils in the formations 
of the region it has been necessary to make correlations of the strata 
chiefly on the basis of lithological and chemical characters Detailed 
comparative studies of a relatively large number of rock samples 
from numerous localities seem to present conclusive evidence that 
several distinctly different formations are exposed in vertical section 
along the walls of the escarpment 

The silicocalcareous cap rock is at present confined largely to 
the area south of the crest of the northward-facing escarpment nm 
There is, nevertheless, good evidence to support the view that at 
an earlier date it covered a much more extensive area, even to the 
north of the present shore In the northwest part of Grand Island, 
Sections 20 and 29, T 48 N, R 19 W, one may observe several 
patches of the cap rock exposed along the crest of the high marginal 
cliffs (Map 39) These exposures are the highest efevation on the 
island and appear to have no counterparts in the lower-lying areas 
It is evident from these isolated and rather far removed outliers 
that the so-called Hermansville formation has undergone a great 
deal of recession by shore-cliff erosion Much of the early erosional 
activity which took place in the region was undoubtedly associated 
with the movement of the Superior ice lobe through the basin m the 
Pleistocene epoch, and later still by the shore work of lakes Algon¬ 
quin and Nipiasing* 
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LAUGHING WHITEFIBH FALLS 

Laughing Whitefish River (PI XLV, Fig 1), in the western part 
of the county, plunges over an escarpment to expose a cliff of 90 
feet of sandstone in the NE \ t NW }, SW J, Sec 10, T 46 N, 
R 22 W In this exposure the upper 25 or 30 feet of the sandstone 
is quite massive in structure, cross-bedded, and grayish, and breaks 
in a vertical cliff It is composed essentially of loosely consolidated, 
clear small grains of subangular and faceted quarts Below this 
massive surface ledge the sandstone is thin-bedded and intercalated 
with laminae of blue shale Here the slope of the falls becomes less 
abrupt, but the river has excavated a broad, extensive amphitheater 
in the formation below the crest of the falls (PI XLV, Fig 2) 
Numerous water-worn caves have been sculptured in the rock wall 
some 20 feet below the break of the escarpment at the juncture be¬ 
tween the more massive and the thin-bedded sandstones 

The crest of the falls is carved m a friable, easily eroded sand¬ 
stone, which is being worn back to form a steep-walled gorge The 
chemical analysis of a sample of the rock (specimen 34) taken from 
the upper brink of the falls definitely shows it to be sandstone, with 
a silica content of 98 97 per cent (see Table I) Lithological studies 
of the rock samples indicate conclusively that the high percentage 
of SiOs is largely in the form of quartz The analysis shows a com¬ 
plete absence of calcareous cement 

A study of the surface petrology reveals no cap of hard dolomitic 
rock at the immediate crest of the falls As a consequence of sappmg 
the cliff is here retreating quite definitely In the nver bed an eighth 
of a mile upstream from the hp of the falls, however, may be found 
the contact between the lower siliceous sandstone and the hard, 
massive dolomitic sandstone above The latter is composed of light 
to dark gray, translucent grains of quartz, cemented in a matrix 
of firm dolomite in which are also found partly rounded grains of 
calcareous minerals The chemical analysis of the sample (speci¬ 
men 31) shows the silica content reduced to 50 90 per cent. The 
oxides of calcium and magnesium and the carbon dioxide together 
make up a total of 49 32 per cent of the composition, thus evidencing 
a high degree of dolomitization (see Table I) 

The Hermansville cap rock m this locality is relatively thin and 
is being worn back rather rapidly by the swift-flowing waters in the 
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stream above the falls At one time, m the earher development of 
the escarpment, the resistant layer covered the Cambrian sandstone 
m this area entirely, as may be judged from its mantle occurrence 
outside of the channel It must have exerted an important influ¬ 
ence in erosional control during the youthful history of the falls 

In an early report of the Michigan Geological Survey Rominger 1 
described more or less completely the various layers of the Cambnan 
sandstone m the area of Laughing Whitefish River and Falls In 
his report the siliceous sandstone is classed as the Potsdam forma¬ 
tion 

HOCK RIVER ESCARPMENT 

The escarpment wall which constitutes the south slope of the 
South Branch of Rock River, in the SW NW £, Sec 17, T 46 N , 
R 21 W, is capped with a hard, resistant dolomitic sandstone which 
measures 35 feet m thickness This extremely fine textured rock 
is composed of minute subangular grams of quartz firmly cemented 
into a matrix of dense, compact dolomite It is grayish, with local 
brown streaks and stains due to the presence of small amounts of 
weathered iron oxide It contains 62 13 per cent of SiOj, mostly 
m the form of quartz, m addition to appreciable amounts of lime, 
magnesia, and carbon dioxide (specimen 35, see Table I) The dolo- 
mitic sandstone rests directly upon a light-colored siliceous sand¬ 
stone, which is composed essentially of loosely cemented subangular 
grains of quartz The underlying rock is nonresistant and fnable 
and has been extensively undercut by nver action The analysis 
shows this rock (specimen 37) to be extremely siliceous and to con- 
tarn no calcareous cement (see Table I) 

AU TRAIN FALLS 

Au Tram Falls (PI XLVI, Fig 1), on Au Train River m the 
NW, SB i, Sec 31, T 46 N, R 20 W, exposes a section of 
siliceous dolomite with an aggregate thickness of approximately 100 
feet, as measured from the crest of the upper falls to the base of the 
lower falls In this locality the nver descends over two abrupt breaks, 
which are separated by a rather strong cataract The rock slope of 
the two falls is stephke m character, owing to differential erosion 
on the alternate thin beds of dolomite and shale in the formation 

1 Op *J,pp 88-00 
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Specimen 60 A T., taken from the crest of the upper falls, has an 
analysis which characterises it as siliceous dolomite (see Table I) 
This rock is more highly dolomitic and contains less silica than the 
cap rock which is exposed m the nver channel above Laughing 
Whitefish Falls Much glauconite and pynte are disseminated 
through the rock section, as has been noted m a previous paper • 
At the base of the lower falls, or Power Falls (PI XLVI, Fig 2), 
directly above the contact with the Cambrian sandstone, the rock 
is light brown and somewhat weather-banded It is more fnable 
and less resistant than that which forms the crest of the upper falls 
Disseminated pynte has in part been oxidized mto hmonste, which 
is present as a brownish stam throughout the rock mass The 
analysis (specimen 1 A T) is essentially the same as that for the 
sample from the upper section (see Table I) 

The escarpment at Au Train Falls presents the thickest exposure 
of Hermansville formation to be observed in the county The base 
of the dolomite rests directly upon a brownish, ferruginous sand¬ 
stone composed essentially of rounded to subangular grams of loosely 
cemented quartz, the Cambrian, through which the lower gorge has 
been excavated As the nver leaves the gorge it follows a broadly 
meandering course across the Nipismng sand plain before finally 
entering Lake Superior, near Au Train 

WAGNER FALLS 

The section at Wagner Falls (PI XLVII, Fig 1) on Wagner 
Creek, m the NW. i, NE J, Sec 14, T 40 N , E 19 W , exposes 
36 feet of upper cap rock varying in composition from siliceous dolo¬ 
mite to dolomitic sandstone The rock is grayish, hard, and resistant, 
and contains an abundance of glauconite and some pyntic dissemina¬ 
tions. It is composed of subangular grains of quartz*firinly cemented 
in a ground mass of dolomite (see Table I, specimen 1 W F) At 
a depth of 36 feet below the crest of the falls the rock changes abruptly 
mto a sandstone, composed essentially of loosely cemented grains of 
quartz The chemical analysis of a sample of this rock (specimen 
48 W F ) shows that it contains 98 70 per cent of silica, with no 
calcareous cementing material (see Table I) The upper 36 feet of 

fl Bergqulst, 8 G, “The Occurrence of Glauconite in the Hermansville 
Formation of Alger County, Michigan/ 1 Pap Mxck Acad 8a , Art* and Letters, 
13(1939) 381-337 1980 
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siliceous dolomite which forms the resistant crest rock of Wagner 
Falls is unquestionably Hermamsville of Ozarkian age, the under¬ 
lying* loosely consolidated sandstone belongs to the St Croixan senes 
of the Cambrian 


TANNERY FALLS 

The crest of Tannery Falls (PI XLVIII, Fig 1), near Mumsmg, 
in the 8E J, NW £, See 1, T 46 N, R 19 W, exposes a buff- 
colored, dolomitic sandstone made up largely of subangular grains 
of quartz embedded in a matrix of dense, firm dolomite The rock 
is hard and resistant and forms a section about 12 feet thick, restmg 
directly upon a weak, loosely cemented, and easily weathered sand¬ 
stone A steep amphitheater-like gorge has been sculptured in the 
sandstone for a considerable distance below the falls, and under¬ 
cutting is still m progress m the weaker formation which underlies 
the cap rock (PI XLVIII, Fig 2) A sample of the rock (speci¬ 
men 48), taken from the upper jjortion of the 12-foot cap, was 
found by chemical analysis to contain 60 68 per cent of 8iO t , 11 96 
per cent of CaO, 10 18 per cent MgO, and 17 10 per cent COi, making 
it definitely a dolomitic sandstone (see Table I) Although no samples 
of the lower rock were analyzed chemically, petrologic examination 
indicated a predominance of quartz, with little or no trace of cal¬ 
careous substance in the < ement The large amount of gorging which 
has taken place in this area was probably due to more rapid stream 
erosion as related to the thinness of the dolomitic cover 

MUNISING FALLS 

Mumsmg Falls (PI XLVII, Fig 2), m the NE i, SW J, SE J, 
Sec 36, T 47 N , R 19 W , owes its existence to a hard, resistant 
cap rock of dolomitic sandstone which is 16 feet thick The rock 
consists of light to dark gray subangular and rounded grains of 
quartz firmly cemented in a matrix of dolomite It contains 64 11 
per cent of silica and appreciable amounts of calcium and magnesium 
oxides, as well as carbon dioxide (see Table I) At a depth of 15 
feet below the surface the rock breaks into a light brown rather 
weak sandstone, which has been extensively undercut This part of 
the section resembles greatly the lower sandstone which is exposed 
in the Tannery gorge The composition (specimen 69) is largely 
silica, with but very small amounts of lime, magnesia, and carbon 
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dioxide (see Table I) The contact between the upper or Hermans- 
ville and the lower or Cambnan formations is distinctly marked at 
a depth of 15 feet below the crest of the falls, where it may be traced 
with comparative ease along the ledges of the gorge Here again, as 
at Tannery Falls, the surface-resistant layer overhangs the lower 
undermined weaker sandstone Numerous potholes, churned out 
deeply in the sandstone floor at the base of the falls, are expressions 
of the weak character of that rock 

miner’s falls 

A vertical section approximately 100 feet thick is exposed in the 
falls on Miner's River (PI XL1X, Fig 1), in the SE 1, NE },NE }, 
Sec 15, T 47 N , R 18 W The mantle rock at the falls is a firm, re¬ 
sistant, siliceous dolomite and forms a layer 18 feet thick capping 
the sandstone It is light to dark gray, fine in texture, and is composed 
of rounded grains of translucent quartz firmly embedded in a matrix 
of dolomite cement It is pitted with small weather pockets and 
solution cavities, some of which are lmed with mmute crystals of 
calcite Glauconite is disseminated through the basal portion of 
the dolomite, where it is in contact with the subjacent sandstone, 
but it constitutes a very small proportion of the rock The upper¬ 
most layer of rock m this area, as represented by an average sample 
(specimen 62), has a composition which is not much unlike that of 
the corresponding formation at Au Train Falls (see Table I) The 
Cambnan sandstone, which directly underlies the dolomite cap, is 
grayish, weak in structure, and easily eroded It is composed es¬ 
sentially of very fine grains of subangular quartz set into a siliceous 
and more or less argillaceous cement The sandstone of this section 
contains a slightly lower percentage of silica, but a relatively higher 
content of alumina than do the samples of the same honzon in other 
areas along the escarpment (specimen 63, see Table* I) 

THE PICTURED ROCKS 

One of the most imposing geologic features within the county is 
that which is known as the Pictured Rocks (PI L, Fig 1) 7 These 
formations extend more or less continuously from a point in the 

T A vivid description of the Pictured Rocks, with illustrations, is contained 
in one of the early volumes dealing with the geology of the state, by J W Foster 
and J E Whitney, V 8 Senate Report of the Lake Superior Land District Part II, 
The Iren Region together with the General Geology , pp 124-181 1851 
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8E }, Sec 17, T 47 N , R 18 W, directly east of Munising, east¬ 
ward for a distance of approximately 13 miles, to the SE J, Sec 12, 
T 48 N , R 17 W , near Beaver Lake (see Map 39) The rocks nse 
out of Lake Superior as a range of bold mural cliffs, with sheer walls 
from 100 to 150 or more feet high They are sculptured m the St 
Croixan formation, which in this area assumes a variety of bright 
colors and brilliant hues The dominant shades are red and brown, 
interspersed with tints of yellow and green Distributed through the 
rock arc numerous white circular blotches and occasional blcached- 
out lenses m which the ferruginous coloring matter has been removed 
These lighter areas in the vanegated and mottled sandstone may 
have been produced by the bleaching action of hydrogen sulphide, 
which was generated from included decaying organic matter, sul¬ 
phate-reducing bactena, or sulphide waters, according to the theory 
proposed by Keller, 4 who states that “the solution of the ferrous 
iron must take place after reduction, by water and subsequent solu¬ 
tions affected by carbonate waters ” 

The sandstone of the Pictured Rocks vanes m structure from a 
thm-bedded, cross-laminated, fine-textured variety to a massive, 
somewhat coarser but, nevertheless, weakly cemented and fnable 
type Occasional lenses of quartz conglomerate and thin layers of 
bluish shale arc locally intercalated At the edge of Lake Supenor 
numerous caves have been undercut into the rock cliffs by wave 
action The sandstone is divided by vertical joints into a senes of 
close-fitting blocks In the process of sapping along the jomt open¬ 
ings, large sections of rock have been dislodged from the cliffs and 
heaped along the base of the bluffs, to be churned up by the ever- 
pounding surf The cliffs are gradually being cut back m an echelon 
pattern, but continue to maintain a vertical face m spite of recession 
In the distneta where the rock wall flanks the water’s edge the 
sandstone has been largely stnpped of its former cap rock of resist¬ 
ant dolomitic Hermansville formation, and erosion is gradually reduc¬ 
ing the surface relief The mantle rock can invariably be traced to 
the higher terraces a short distance back from the cliff face, where 
it affords a protective surface against excessive wear Small residual 
outliers of the original cap have been preserved m the more sheltered 
areas along the shore, but are usually so small in extent as to be of 
little or no consequence in the present conditioning of the ledges. 

■ Seller, W D, «Red Bed Bleaching,” Am Joum Set, 18* 65-70 1999 
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The turrets of Miner’s Castle (PI L, Fig 2), which is in the SW. J, 
Sec 3, T 47 N , R 18 W, seem to rise above a beveled promon¬ 
tory which owes its development to the resistant nature of the rock 
mantle The “Castle” itself is composed of material which is 
entirely unlike that of the sandstone m the main fagade It occupies 
a position which is considerably lower than the average level of the 
adjacent cliffs and seems to be set into an embayment or reentrant 
in the older Cambrian rock mass The rock m the turrets is tan to 
gray, and is composed of small rounded grains of quarts set solidly 
m a matrix of argillaceous cement It has the appearance of being 
somewhat obhtic in structure and is resistant to weathering, as may 
be judged by the erosions! remnants Analysis of the rock (speci¬ 
men 59) from the turrets shows it to contain 79 8 per cent silica, 
12 70 per cent alumina, and but a small traco of calcium and mag¬ 
nesium oxides (see Table I) It will be noted from the analysis that 
the rock is a highly aluminous, argillaceous sandstone, quite differ¬ 
ent m composition from the average Cambrian sandstone in the 
area On the other hand, it does not contain the calcareous cement 
which is characteristic of the Horm&nsville in the various exposures 

Slightly beyond the Grand Portal, and within three miles of the 
east end of the high cliff section of the Pictured Rocks, stand several 
water-carved monuments, commonly known as Pulpit Rock and the 
Chapel. The Chapel is sculptured out of the Cambrian sandstone 
at a height of 30 or 40 feet above the level of the lake, and was 
formed at a tune when the lake level was higher than at present, 
probably during the later Algonquin and Nipissing stages It has 
an arched roof of sandstone, some 20 feet in thickness, which is sup¬ 
ported on four massive columns of rook. From the lakeside the 
structure presents the appearance of a natural rock-hewn chapel 

CHAPEL FALLS * 

At the south end of Chapel Lake, in Section 28, T 48 N , R 17 W., 
Chapel Creek breaks over the escarpment run and plunges in a 
senes of cascades across the Cambrian sandstone into the lake (PI 
LI). The outlet from the lake spills over a succession of low, gently 
sloping ledges of sandstone and discharges with a slight fall into 
Lake Superior, just to the west of the Chapel The position of the 
upper falls on the escarpment is here, as in the other falls described, 
under control of the Hermansville cap rock. This formation, how- 
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ever, has been worn back in the river channel for a short distance 
upstream from the crest of the falls 

The analysis of the sandstone is almost identical with that of 
the similar formation at Laughing Whitehall Falls, whereas the cap 
rock approximates in composition that of the corresponding horizon 
at Wagner Falls (see Table 1) 

The “Rocks” continue, with gradually diminishing height beyond 
Grand Portal, for a distance of about 3 miles to the eastward At 
that point they disappear into the sandy, dune-covered lake plain 
of the Beaver Lake basin They are conspicuously absent along the 
shore for a distance of 12 miles beyond, but reappear at Au Sable 
Point, on the west end of Grand Sable Banks Here they form a 
line of relatively low, undercut cliffs, which may be traced for a half 
mile or more along the shoie near the lighthouse 

SABLE FALLS 

Sable Creek, the outlet of Grand Sable Lake in the vicinity just 
west of Grand Marais, plunges over a 76-foot rock escarpment 
(PI XLIX, Fig 2) before it reaches Lake Superior in Section 2, 
T 49 N , R 14 W This feature is characterized by a senes of cas¬ 
cades which have developed in a section of alternately hard and soft 
layers m the Cambrian sandstone Thin beds of soft blue shale and 
hard pebbly conglomerate arc intercalated with the sandstone and 
contribute to the cascade-like development of the falls 

The rock which forms the crest of Sable Falls is a slightly cal¬ 
careous, cross-bedded sandstone composed of rounded grains of 
quartz with a silica content of almost 86 per cent The formation 
is brownish, thin-bedded, and friable, and seems to be very sus¬ 
ceptible to erosion Analysis of specimen 56a, taken from the ledge 
at the bnnk of the falls, shows a relatively small proportion of cal¬ 
cium, magnesium oxides, and carbon dioxide (see Table I) The 
relatively high percentage of silica contained m the rock, together 
with its lithologic characters, seems to preclude its falling into the 
Hermansvillc formation In physical characteristics and features it 
is related more closely to the Cambrian sandstone No hard cap 
rock of siliceous dolomite is present at the immediate crest of the 
falls, since excessive erosion has caused its retreat upstream The 
Hennansville forms the ndge of the Lower and Middle Algonquin 
shore scarps to the south of the falls, where it is exposed m the 
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cut at the highway crossing in the 8W J, 8W J, Sec 1, T 49 N, 
R 14 W 

In this locality the exposed rock is a grayish, firm, resistant, 
siliceous dolomite, composed essentially of small rounded quart* 
grains with interspersed pebbles up to one-half inch m diameter In 
thp outcrops and cliff exposures the rock is severely pitted and seems 
to have undergone rather effective differential weathering The 
cornjxisition is radically different from that of the nick which con¬ 
stitutes the crest of the Sable Falls, as may be inferred from the 
analysis (specimen 57, see Table I) The* composition as indicated 
m the analysis corresponds within very dose limits to that which is 
given for the Hcnnansvillo cap rock one eighth of a mile above the 
crest of Laughing Whitehsh Falls, approximately 54 miles to the 
south and westward 

SHORE ESCARPMENT SOUTH OF GRAND MARAIS 

A steep roek escarpment representing the Nipissing shore cliff 
parallels the highway along the south shore of West Bay near Grand 
Marais The rock in the crest of this scarp is exposed along the 
road about a mile south of the West Bay shore in the renter of Sec¬ 
tion 8, T 49 N , R 13 W , anil grades from a siliceous dolomite to a 
dolonutie sandstone It is light gray, firm and resistant, and fine in 
texture It is composed of small spherical to subangular grains of 
quartz endiedded in a matrix cement of dense dolomite A sample 
(specimen 53) taken from the highest terraie in the cliff gives by 
analysis 50 16 per cent of silica and 49 17 per cent of calcium and 
magnesium oxides and carbon dioxide Less than a nule north of 
the crest of the escarpment, or a few hundred rods south of the 
shore of West Bay, m the NW J, SW \ y See 5, T 49 N , R 13 W , 
Chipmunk Creek, flowing a very thin ribbon of water, breaks over 
the rock ledge to expose a fairly thick section of sandstone The 
rock in this formation is grayish, fine m texture, and loose in struc¬ 
ture It is highly siliceous but weakly cemented, hence it is not 
especially resistant (specimen 58, see Table I) The stratigraphic 
position of the sandstone here suggests a strong relationship to the 
Cambrian formation The contact with the overlying Hermansville 
dolomite may t>e observed upslope toward the crest of the escarp¬ 
ment merely a few rods to the south 

The outcrop of Cambrian sandstone m the shore cliff which 
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marks the location of Chipmunk Falls is the most easterly exposure 
of the formation m Alger County No evidence of rock ledges is 
found along the shore of Lake Superior in Luce County to the east 
The falls of the Tahquamenon River, 38 miles to the east in Luce 
and Chippewa counties, reveal the next nearest exposure of Cam¬ 
brian sandstone of any consequence These falls have been described 
in a previous paper involving the glacial geology of Luce County * 

SUMMAin AND CONCLUSIONS 

The numerous geologic features, expressed in the form of falls 
and rock cliffs along the south shore of Lake Superior in Alger 
County, are intimately associated with the stratigraphic relation¬ 
ships which exist between the Cambrian sandstone and the Hcr- 
mansville siliceous dolomite The sandstone, which is of Cambrian 
origin, is in the mam highly siliceous and consists essentially of 
subangular to rounded grains of weakly cemented quartz It is 
friable and extensively jointed and, consequently, is readily influ¬ 
enced by weathering activities The Hermansville formation, which 
forms an unconformable mantle over the sandstone, is younger and 
undoubtedly belongs to the Ozarkian It is a firm, relatively hard 
rock, composed largely of rounded to subangular, frosted grams of 
quartz embedded in a matrix of dolomitic cement. It is resistant to 
erosion and has played an important r6Ie in the geologic develop¬ 
ment of the escarpment rim which borders the south shore of Lake 
Superior in Alger County 

Previous to the invasion of Pleistocene glaciation in the Superior 
basin, the Hermansville formation apparently covered a much more 
extensive area than at present Tins is shown by the presence on 
Grand Island of isolated outliers which have been preserved from 
erosional activity When the Superior lobe advanced through the 
Superior basin it plowed its way through the then exposed Her- 
mansville formation and gouged deeply into the underlying Cam¬ 
brian sandstone Upon retirement of the ice sheet the basin became 
occupied with waters which m the early development, through the 
Algonquin and Nipissing stages, stood at decidedly higher levels 
than does the modem lake 

During the stages of higher lake levels the water in the basin 

• Bergqutet, S G, “Surface Geology of Luce County, Michigan,” Pap. 
Aft ch Acad Sc %, Arts and Letters , 14 (1030) 438*444, 1031 
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pounded with tremendous form against the face of the rock cliffs 
The soft, fnable Cambnan sandstone was effectually undercut by 
wave activity to develop overhanging ledges in the more resistant 
Hermansville dolomite The projecting rock < omices were thus left 
unsupported, and through the influence of penetrating joints were 
dropped, block by block, to the base of the < hff, where further erosion 
reduced them to transportable d6bns In this manner the cliffs 
were forced m many places to retreat landward, but the rate of 
recession was controlled largely by the rover of resistant rock 

When the water level in the Superior basin was depressed as a 
consequence of the opening up of new and lower outlets, the present 
lakc» stage was initiated The waters retreated from the older shores 
and in places loft the rock cliffs somewhat removed from w r ave action 
At present, except W'hcre the cliffs flank the immediate shore, as m 
the Pictured Rocks section, cast of Munising, erosional activity is 
being accomplished mainly by north-flowing streams and rivers 
which head m the higher upland areas of the interior Cliff recession, 
as linked with modem stream work, is quite localized, and the effects 
produced are small as umipared with the w r ave work accomplished 
during Algonquin and NipiHmng times Future recession, if depend¬ 
ent upon stream work and surface erosion alone, will eventually 
result in the development of deep, narrow gorges in the channels 
where the falls are slowly retreating upstream 

The chemical analyses of the rocks as listed m Table I of this 
report were prepared in 1930 and 1931 by O B Winter, R J Davis, 
Miss F Lamb, and Miss L I Butler, of the Michigan State College 
Chomistry Experiment Station 

Michigan Stats College 
East Lansing, Michigan 
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DUNES OF THE HERRING LAKE 
EMBAYMENT, MICHIGAN 

IRVING D SCOTT AND KENNETH W DOW 

T HE Herring I-iake embayment is situated m the western portion 
of Benzie County, Mirhigan, approximately mx mil(*s south of 
Frankfort and an equal distance north of the town of Arcadia (Map 
40) The depression lies within a prominent U-shaped spur of the 
ManiHtee Moraine, which was formed probably during the (losing 
stages of Tdike Warren The spur is open to the west, and the end 
extends to the shore of Lake Michigan to form steep bluffs 300 feet 
or more in height 1 The embayment is occupied by two lakes of 
moderate size, that farthest east, at an elevation of about 13 feet 
above Lake Michigan, is known as Upper Herring Lake This lake 
drains through Heron Creek into Lower Herring Lake to the west, 
which, being connected by a short outlet, stands at the same level 
as Lake Michigan The purpose of this paper is to trace the geologic 
history of the depression from its inception to the present tune, as 
evidenced by the physiographic forms now existing in the area The 
hmge lino, or zero lsobase, of the Algonquin beaches runs just to the 
north of the depression, which, therefore, lies within the area of 
honzontahty 

These studies, carried out during the summers of 1934 and 1935, 
are illustrated by sketch maps of the dune area made by the junior 
author Merely the outlines of the ridges have berti shown, which 
must not be mistaken for contour lines, since the charts are intended 
solely to show the various forms, with their relative sizes and posi¬ 
tion, They should not tie regarded as accurately scaled maps of the 
area, but they are believed to be more representative than the 
incomplete and inaccurate maps available, with the single exception 
of the United States Lake Survey Coast Chart No 9, corrected to 
1900, which, however, does not include the entire dune area For 

1 Leverett, F L, and Taylor, F B , V S Gtol Surv , Mm 53, pp 303-308, 
PI XXXII 1915 
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convenience in reference, numerals have been assigned to locations 
of particular importance, ridges, dunes, etc 

Inasmuch as the moraine which surrounds the Hernng Lake 
depression is of Warren age, as already stated, the embayment must 
have been filled by a tongue from the ice lobe which occupied this part 

of the Michigan basin dunng the Warren- 
Chicago stage of the Glacial Great Lakes 
Subsequent melting completely freed 
the Michigan basin of ice and initiated the 
Kirkfield stage of Lake Algonquin, the 
level of which was considerably below 
that of the present Lake Michigan (possi¬ 
bly fifty to sixty feet) 2 Because the depth 
of the Herring Lake depression is rela¬ 
tively shallow, it is believed to have been 
dry at this stage Uplift of the Kirkfield 
Outlet raised the waters to the three-outlet 
or mam Algonquin stage, twenty-five feet 
above present Lake Michigan 

With the uncovering of the North Bay 
Outlet the waters receded to the early 
stage of Lake Nipissmg, which was like¬ 
wise below the present lake level At this 
time the Hernng embayment was dry, ex¬ 
cept for the area occupied by Upper Her¬ 
ring Lake The uplift of the North Bay 
Outlet caused a repetition of the Algon¬ 
quin conditions and resulted in a nse in 
the level of the Nipissmg lakes to the 
Port Huron Outlet, which at that time 
Mai- 40 General map slum- was fifteen feet above the Lake Michigan 
mg location of the Herring level Therefore, the embayment was 
Lake embayment a gain flooded 

Since Nipissmg time the outlet at Fort Huron has been cut down 
fifteen feet, with one possible halt at the Aigoma stage Under 
present conditions there has been a more or less periodic fluctuation 
in level amounting to more than five feet * Thus we note four dis- 

* George Stanley, personal communication 
1 Profile of lake levels, United States lake Survey 
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tmct periods or levels (late Algonquin, late Nipismng, Algoma, and 
present) at which shore adjustments could have been formed and 
preserved 

In thiB rfouml it is pointed out that, during the later stages of 
Lake Algonquin, the Hemng Lake embayment consisted of a rather 
long depression between the moraines, with a broad opening into 
the large lake, and was flooded Therefore, one would expect to 
find evidences of an Algonquin level along the eastern and adjacent 
shores of present Upper Hemng Lake* However, no shore features 
could be definitely recognized at the locations where this level should 
exist The lake is practically surrounded by the moraine, which 
presents a very uneven front, with numerous indentations and low 
spurs running out almost to the lake Evidences of shore activity 
on the morainic border during Algonquin time could easily have been 
destroyed m the building of the road which runs around the lake 
along the edge of the moraine 

It is possible that the main road in front of the W D Salsgivcr 
resort on the north side of the lake is loratcd on an Algonquin shore 
inasmuch as it stands about eleven feet above Upper Hemng Lake 
This would be approximately correct for the Algonquin level, since 
the present level of Upper Herring Lake ih about thirteen feet above 
that of Lower Herring Farther along, to the northeast, the road 
runs very close to the lake on top of the moraine, a spur of which 
juts out at this point and has been truncated by the waves Along 
the exposed face of the morainic bluff w a poorly developed bench 
about ten feet above the Upper Hemng Lake level, which, again, 
may represent the Algonquin level From these meager shore features 
it seems evident that the wave activity in the bay head was very slight 
during this tune 

To the west, separating Upjier from Lower Herring Lake, is a 
rather wide atrip of ground consisting of an interesting senes of ridges 
separated by shallow troughs (Map 41) These features are roughly 
parallel and are onented m a general north-south direction They 
are all curved, with their concave sides toward the west, indicating 
activity from the math lake With the exception of the easternmost 
these ndges have smooth, gentle slopes and are composed of coarse, 
well-rounded fragments 

The firet, or easternmost, ndge starts from the moraine to the 
south and continues m a northerly direction about halfway across 
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the depression before it dies out Although there are many varia¬ 
tions in height, it is a well-defined ridge throughout its extent, it 
drops away sharply to the low swampy area at the east To the 



Map 41 Series of mid-bay bars between Upper and Ijower Herring lakes 


south it is low and branches to join the moraine Continuing north 
these forks or branches merge into one ridge, then divide into two 
ridges with a low swale between, and eventually merge again It 
is composed of sandy material to a depth of at least four feet The 
average 1 elevation is eleven feet above Upper Herring Lake, which 
would place it at about twenty-four feet above Lake Michigan The 
crest of the ndge is uneven and in two places rises to twice its usual 
height These elevations have steep slopes to the east, approaching 
the angle of repose This ndge is interpreted to have been a first 
unsuccessful attempt at the formation of a mid-bay bar from the 
south side of the indentation It* irregularities of contour and sur¬ 
face are due to subsequent modification by wind action, although 
it is possible that the two lughest points may have been islands 
Bar 2 is longer and slightly lower than the sandy ndge first de- 
senbed It starts as a low ndge farther to the southwest and becomes 
higher and better defined to the north, where it intersects and merges 
with an offshoot from Bar 1, and continues for some distance before 
dying out To the north and east the land is rolling, with no definite 
bar arrangement that can be traced This gently rolling area merges 
gradually into the swampy tract bordering the creek 
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The southern end of Bar 3 is no longer visible, since it and also 
the ends of Bars 4 and *5 disappear under the long dune ndge farthest 
back from the shore, which has been blown up over the ends of these 
bars Bar 3 runs parallel to Bar 2, but is not quite so long and is 
somewhat lower To the north it becomes confused and dies out 
Bar 4 is the only one of the group which is well defined throughout 
its extent and continues all the way across the embayment, except 
where it is cut by Heron Creek, to the moraine on the northern side, 
which it joins in a fork (It will be recalled that a similar forked or 
branched effect at the juncture of the bar with the moraine also oc¬ 
curred m the case of Bar 1 ) Bar 4, therefore, represents the first 
completely successful closing off of a portion of the embayment 
The top of this bar, which is the* highest of the group, is at an eleva¬ 
tion of approximately twenty-five feet above Lower Herring Lake 
At the time these studies were made the outlet of Lower Herring 
Lake into Lake Michigan was not dammed, and both lakes stood at 
about the same level There is a gravel pit in Bar 4 at the point 
of junction with Bar 5 The material exposed ranges from sand to 
gravel to Hmall cobbles about a yard below the surface It is well 
stratified and is indicative of strong wave action The beds are 
nearly horizontal, but dip gently to the west and southwest In 
the northern part of Bar 4 a small pit has been dug, m which the 
same type of material can be seen Bar 5, which is lower than Bar 4, 
is relatively local It can bo traced from the* sandy ridge to the south 
and runs northeast until it joins Bar 4 

The southern parts of Bars 3 and 4 are crossed nearly at right 
angles by a narrow ridge of earth This is an artificial grade con¬ 
structed for the old railroad which was built along the southern shores 
of the lake during the time of the lumbering operations in this region 
It is listed merely that it may not be confused with the bars 

From their material, general appearance, and elevation the last 
four ndges in the senes desenbed above have all the characteristics 
of mid-bay bars formed dunng penods of intense wave and current 
action in the wamng stages of Lake Algonquin They were built 
up from the south, they differ slightly from one another m height, 
and are incomplete, with the exception of the fourth bar, winch 
entirely crosses the embayment In accordance with Johnson's 
classification 4 the term “mid-bay bar" is used, since they reduce 
4 Johnson, D W, Shore Process** and Shoreline Development, pp 303-304 1019 
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the length of the depression by about one half These bars probably 
came into existence because the embayment was so shallow that the 
waves broke before they had a chance to reach the shore The depth 
here, approximately ten feet, would presuppose the existence of waves 
ten feet high along the Algonquin shore * This height is not im¬ 
probable since waves have often been observed on Lake Superior 
which were accurately determined to be from twenty to twenty-five 
feet m height 6 No measurements of waves on Lake Michigan 
are known to the writers, but it is believed that they are somewhat 
near the same magnitude 

This premature breaking of the waves, which resulted in the 
building up of the bars, accounts for there being little or no evidence 
of a well-developed Algonquin level along the eastern shores of Upper 
Hernng Lake, and also for the lack of dunes m that area 

After Lake Algonquin the deciphering of the hutoiy of the em¬ 
bayment is based upon the interpretation of the dune ridges, and 
some discussion of the principles involved is here undertaken The 
relative age of dunes has been determined by (1) position or loca¬ 
tion, (2) extension or direction, (3) development — (o) simple ndges, 
(6) deformed ndges, (c) size, (4) soil profile Regarding position 
or location, the dunes farthest back from the shore were the first 
to be formed and therefore are the oldest This pnnciple is based 
upon the assumption that there has been no dune migration By 
“migration” is meant the progression of a dune m response to winds 
subsequent to its detachment from its place of ongin This as¬ 
sumption is correct for most of the dune areas about Lake Michigan, 
but should be checked in each instance “Extension” or “direction” 
refers to the direction in which the dunes run, which sometimes 
furnishes a clue to the time and the manner of their formation. 
The development of a senes of simple undeformed ridges which run 
approximately parallel to one another indicates a prograding condi¬ 
tion of the shore, whereas deformed ndges indicate retrogressing or 
oscillating conditions. 7 On a retrograding shore sand is largely re¬ 
moved by wave and current action. Thus the dunes became de¬ 
formed without notable additions of material and are therefore 

• Johnson, op ot, pp. 10-18 

• Gtuttard, D D, "Wave Action in Relation to Engineering Structures,” 
Corpo rf Engineer* U 8 Amy, Prof Pap SI, p 82 1804 

7 Solger, F, Diinonbuck-Werden und Wandem «for ZHZam, pp 40-45 1910 
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of moderate Rise On the other hand, exceptionally large de¬ 
formed dunes (150-250 feet high) are the result of the alternating 
addition and abstraction of sand along the shore of a lake whose 
level oscillates “Oscillation” in this sense refers to the normal 
short-penod fluctuations such as occur under present conditions As 
stated above, dunes of this type are to be expected at the flood stages 
of both Algonquin and Nipissmg, Algoma possibly, and the present 

The work of Scott and of Stevenson * in other portions of the Lake 
Michigan basm has shown consistently that the largest dunes are 
of Nipissmg ago The apparent chaotic appearance of the dunes is 
m reality an orderly arrangement Between the Algonquin and the 
present Great Lakes the total drop m level was but twenty-five 
feet, and the several stages persisted long enough for the shoro to 
be cut back to nearly the same locality at each stage Under these 
conditions were formed a Renos of greatly deformed ndges piled up 
within a narrow zone, the later on the earlier, to heights which nval 
those of any others so far discovered These deformed dunes are 
particularly well represented m the areas south of Frankfort 

In this study soil profiles were utilized spanngly within the area 
for correlating the dunes with one another as to approximate age No 
attempt was made to compare them with the profiles of dunes in 
other areas, the method employed farther to the south Owing to 
differences in climate and degree of leaching, results obtamed from 
the use of this method in this more northern region are not con¬ 
sidered reliable except m comparisons within a local area With 
this brief discussion in mind the dune area of the depression will 
be considered 

Along this western side of Michigan the Herring Lake embay¬ 
ment seems to be the only example of two fairly large lakes, distinctly 
different m age, that occupy the same depression* A great senes 
of dunes have been piled up within the embayment, but none have 
formed at the bases of the high headlands to the north and south 
where they come out at nght angles to the beach, since it is the 
material eroded from these exposed morainic ndges that has m large 
part provided sand for the formation of dunes along the less exposed 
portions of the shore 

Starting with the group of dunes to the north of Lower Herring 

• Stevenson, E B, “The Dunes of the Mantetique Area,” Pap Midi Acad 
Scu, Arts and LeUen, 14 (1930) 485 1081 
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Lake (Map 42), the first form encountered in front of Bar 4 is a 
single, relatrvely low, sandy ndge (I) The upper portion of the 
soil profile is deep orange, with much ortstem and some podsoliza- 
tion, and is the darkest found m the dunes of this area The course 
of Heron Creek has been deflected to the south in order to get around 
the southern end of this dune ndge, which stops abruptly at the 



Mai 42 Dune area north of lx>wor Herring I*ake 


creek and does not continue beyond that point At the southern 
end the ndge has been deformed somewhat by the wind, but con¬ 
tinues in a general northwest direction until it disappears under the 
mam dune complex Beyond this point it cannot be traced 

Because of its distinctive soil profile it is considered to be the 
oldest dune form found, and the location in front of Bar 4 would 
indicate that it belonged to very late Algonquin time It may repre¬ 
sent a foredune ndge imperfectly developed before, or as, the water 
level receded to that of the early Nipissmg stage It is the only 
ndge in this area that may be said to belong to the transition be¬ 
tween late Algonquin and early Nipissmg 

Between the ndge desenbed above and the shore of Lower 
Hemng Lake are a series of several rather discontinuous, low sandy 
ndges or bars (II), two of which also seem to continue south of the 
creek These indistinct ndges are lower than either the Algonquin 
or the Nipissmg levels and may be interpreted as offshore features 
of an age contemporary with that of the dune ndge (I) 
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During early Nipissing the area now occupied by Lower Herring 
Lake must have been practically dry, except for Heron Creek, with 
a greater western extent than at present However, with the return 
of the waters to a higher level at the Port Huron Outlet, shore activity 
m this locality was renewed and resulted m the formation of a great 
series of dunes 

In front of the group of ridges just described (1, II) is a ridge 
(III) that starts near the creek, travels northwest, and then curves 
back to the north and slightly northeast and joins with a ridge (IVA) 
that goes northeast and disappears under the higher portion of the 
main dune tomplex However, it reappears (IVB) farther on and 
eontinues in a long curve Ridge III is approximately fifteen feet 
above Lower Hcrnng Lake Inasmuch as this is a dune and not a 
bar, the elevation of the crest does not represent the Nipissmg level, 
although the ndge itself would seem to be of that age, having been 
formed after the readvance of the water level This conclusion is 
reached partly from the location of the ndge and also because the 
soil profile is distinctly lighter than that of Itidge I, and is free from 
ortstein 

To the northeast of this ndge are morainic lulls and spurs, some 
of which contain much sandy material, but also quantities of rather 
large boulders, so that there is little danger of confusing any of these 
lulls with the dune ridges in this particular location, a few of which 
appear to have been blown up or perched upon the gently sloping 
flanks of the moraine The senes of seven roughly parallel ndges 
to the north are entirely morauuc 

Ridge IVB and the series of lower dune ndges farthest back 
from the shore to the north and east seem, on the basis of their 
position, soil profiles, and deformation, to have been formed dunng 
the Port Huron Outlet stage of Lake Nipissing With their forma¬ 
tion along the front of the moraine the opening of the depression to¬ 
ward the lake was greatly narrowed 

To the Bouth, in front of Badge III, running in a general east- 
west direction, are two sand ndges (V), one of which merges at its 
eastern extremity with Ridge III They are slightly lower, and must 
have been formed subsequent to Ridge III That these two ndges 
were formed when the depression was open on the Lake Michigan 
side and before the existence of the wide bay-mouth bar enclosing 
Lower Herring Lake is shown by the fact that at their western ends 
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they merge and curve to the north before they disappear under the 
deformed dunes, instead of curving Bouth toward the bay-mouth 
bar, as they would have done if they had been ndges formed along 
the shores of the present Lower Herring Lake 

Obviously, the high ndges (VI) in this northern area were blown 
up at a somewhat later date than those farthest from the shore, 
since the highest of the group bunes a portion of Ridge IV. These 
high dunes are probably of late Nipissing age, although most of them 
have a surface coating of modem matenal All the lower ndges to 
the west of this senes of high dunes arc thought to be post-Nipissmg 



It seems probable that the bay-mouth bar came into existence 
at, or immediately following, the end of the Nipissing The entrance 
to the embayment must have been dosed when the deformed ridges 
(VII) nearer the shore were formod, since their sod profile is very 
similar to the sod profile of the sand out on the northern part of the 
bay-mouth bar, indicating that this group of dunes must all be of 
very nearly the same age They may possibly belong to the Al- 
goma (?) It wdl be noted that some of the dunes in this senes 
cover the western ends of the little ndges (V) previously desenbed. 

The dunes nearest the shore are modem (VIII), and there is 
one large, recent, compound horseshoe blow that extends back a 
considerable distance. With the exception of this and several minor 
blows the entire area is quite thickly covered with second-growth 
timber, and the dunes are fixed in character. 

The dunes out on the bay-mouth bar north of the outlet (Map 
43; PI LII, Fig. 1) are probably all modern, although parts of them 
may be of Algoma (?) age By “modem” it is not meant necessar¬ 
ily that they have been blown up within the past hundred years or 
so, but that they have formed at some time since the withdrawal of 
the Nipissing Great Lakes The soil profile of these dunes k not that 
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of the light-colored sand such as is found on the beach today, but is 
of a moderately yellow shade, verging on an orange-brown color. 

In the northern part of this bay-mouth bar the back slopes of 
some of the senes of horseshoe dunes (IX) have been truncated, and 
are still in the process of being worn away by the action of the waves 
in Lower Herring Lake These are good examples of longitudinal 
dunes in a humid region, formed on a bay-mouth bar 

In the northwest comer of the lake is a small lagoon (X) separated 
from it by a low bar approximately six and one-half feet in height 
The bar was formed by Lower Hemng Lake after the formation of 
the bay-mouth bar, since it curves to the south to join the bay- 
mouth bar This little bar may be composed of material from the 
truncated dunes to the west However, since it is slightly higher 
m the eastern portion, it may have been built down from the east, 
although the eastern shore of the lake is quite pebbly, and it does not 
seem as though there would have been available much fine material 
which could have been earned by the waves Also, Heron Creek 
does not set up any strong current in Lower Herring Lake The 
crest of the bar is above any known historical level of the lake and 
might be correlated with the Algoina (?) However, it seems doubtful 
whether such a transitory form as a shallow lagoon would persist 
from that time until the present day, even though the bar is so 
much lower at the western end that a nse of approximately four 
and one-half feet in lake level would have kept the lagoon filled with 
water. Because of this conflictmg evidence the age of the bar has 
not been definitely determined other than to say that it is post- 
Nipissmg 

Of the dunes to the south of the depression (FI LII, Fig 2) it 
is difficult to determine their age accurately, since the geologic record 
is not so dearly portrayed here as on the northern ‘aide, where the 
bars and other key features are well preserved 

For the most part the dune pattern is complex (Map 44), but is 
characterised, unlike the section to the north, by long festoon ridges 
somewhat parallel to the present shore of Lake Michigan, though 
angling in toward the embayment; and by small horseshoes and 
apices blown up upon these ndges These horseshoes are onented 
with, a general northeast-southwest tendency, indicating an effective 
southwest wind, a rather noteworthy orientation As for the long 
ridges, they have a more easterly trend than does the present shore 
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line and therefore are beveled at their southern ends, which pre¬ 
cludes a definite determination of their age One must therefore 
rely upon the soil profiles and the character of the ndges in compari¬ 
son with the dunes of other parts of the area, for a rather mconclu- 



Map 44 Dune area south of Ixjwer Herring I^ake 


sive correlation In general, the appearance of these dunes is quite 
different from those to the north, and the ridges are not ho high 
Those in the far southern part of the area owe their apparent great 
elevation to the fact that they are perched on the moraine, which 
at thiH point is over 300 feet in height 9 

The series farthest to the east (XI) have a rather dark profile, 
with much ortstem and podsolisation, and inasmuch as they cover 
the ends of Algonqum Bars 3, 4, and 5 they are considered tenta¬ 
tively to have been formed dunng the Nipissing* 

The age of those nearer the shore, including the ones along the 
shore of the present Lower Hernng Lake (XII), is not known, except 
that they must be somewhat younger As for the latter senes, the 
curving effect of most of the ndges (XIII) away from the south bar 
would indicate that they were formed previous to the existence of 

• Fuller, Q D, “Some Perched Dunes of Northern Lake Michigan and 
Their Vegetation,” Trans IU State Acad, Set,, 11 111-112 1918. 
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Herring Lake However, the small group (XIV) neareBt Lake Michi¬ 
gan has a soil profile identical with that of the dunes on the south¬ 
ern part of the bay-mouth bar, and was connected with them at one 
tune, before the ndge was cut away to give ready accesB to a large 



Map 45 DuneB on bay-mouth bar south of outlet 


dock on the shore, the remains of which may still tie seen The dunes 
of the southern part of the bay-mouth bar (Map 45) are mainly 
longitudinal and fragmentary, with the exception of a large active 
amphitheater blow which rises to a height of eighty feet and whose 
back slopeB are being truncated by Herring Lake 

The old lumber town of Watervale stretches along the southern 
shore of Lower Herring Lake, and consequently the elevations of 
the low ndges near the shore cannot be relied upon, since they must 
have been greatly modified 

To the east there is a question whether or not the old ndge 
farthest back from the shore ever joined with the senes along the 
small lake An old logging road runs through the place (XV) where 
the juncture of the ridges could have occurred However, from the 
general appearance of the place it does not seem as though the ridge 
could ever have been very high at this point, and the loggers prob¬ 
ably found it convenient to use this low spot m the ndge as an 
entrance for their road If such was the case, it would bear out the 
theory advanced, that the dunes along the south shore of Hernng 
Lake were formed somewhat later than those composing the senes 
under which the Algonquin bars disappear 
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As to the age of the perched dunes to the south, it is difficult to 
say much Their foundations are undoubtedly of Nipuamg age, but 
a great amount of more recent material has been piled up on top of 
them There are two modem blows, known as “Rasor Back ” (XVI), 
at a height of approximately 127 feet, and “Baldy” (XVII), at 330 
feet (PI LII, Fig 2) The openings of both are oriented N. 60° E 
The ndge forming the south arm of “Baldy” (XVIII), which is now 
being actively cut into by the wind, displays a foundation of medium 
yellow sand capped with a mantle of lighter-colored sand, indicating 
that there were two distinct penods m the building up of this ridge. 

In conclusion, it may be added that a well-developed foredune 
ndge stretches across the entire embayment, but ends abruptly at 
the morainic ndges where they come out to the shore 

SUMMARY 

The Herring Lake embayment lies within a U-shaped moraine 
open to the west. 

The embayment was first occupied by water in late Lake Algon¬ 
quin time, dunng which stage Upper Herring Lake was isolated by 
a senes of mid-bay bars Dune formation dunng this stage is repre¬ 
sented by a single ndge on the north side of the embayment 

The embayment, except for Upper Herring Lake, was drained 
dunng the early stage of Lake Nipissing 

At the time of late Lake Nipissing the embayment was again 
flooded and remained open to Lake Michigan Dunng this stage 
not only the senes of low dune ndges along the northern shore of 
Lower Hemng Lake, but also the largest parabolic dunes of the area 
were formed 

The embayment was finally closed by the present bay-mouth bar 
in postrNipissmg time Upon this bar and adjoining shores lower 
dunes of recent origin have formed 

UmvaasiTr or Michigan 



View looking south, showing Ijpwer Herring Lake to left, truncated 
h bay-mouth bar, Lake Michigan to right, and email lagoon in cei 
nd 







THE JUSTICES OF THE PEACE AND 
THE ROYAL PREROGATIVE IN 
THE REIGN OF JAMES I* 


EGBERT R ISBELL 


M UCH has been written about the Engbah justice of the peace — 
his origins, his function in the local government, his general 
history Scant attention has been paid, however, to his position 
in relation to the central government Such an inquiry becomes 
particularly interesting in a period when the contest between the 
prerogative government and the common law was brought into the 
open, and the claims of the King were pressed with the utmost vigor 
For the peace magistry hung somewhere between the opposing forces, 
its roots lay deeply embedded m the common law, yet it was also 
an instrument of the Crown. Furthermore, as the chief office in 
the local government, it was in a strategic position to help or to 
hinder prerogative activities, especially in matters of finance So 
constituted, and with such power, the justices of the peace could 
not take a neutral position, nor could the King look upon them with 
indifference What offorts were made by the prerogative govern- 


* list of publications referred to by surnames of authors and by abbreviations 
A PC - Ad* of the Prwy Council of England 

Hamilton - A H A Hamilton, Quarter Session* from Queen Bhtabclh to Queen 
Anne (London, 1878) f 

Hawarde - John Hawarde, Lee Repartee dee mm* in Camera SteUata, 1698-1609 
(1884) 

Holdsworth »W 8 Holdsworth, A Htetary of English Law (London, 1824) 
Hudson “ William Hudson, A Treatise an the Court of Star-Chamber m 8 Collec¬ 
tanea Jundem (1782) 

N»R*QJl - North Riding Record Society, Quarter Seeturm Record «, edited by 
J G Atkinson. 

Bald • R. R. Reid, the Ktng f s Council tn the North (1821) 

Somerset Q. S *■ Quarter Seisione Recorde for the County of Somereet (Somerset 
Record Society, VoL 28) 

5. Dm m Calendar of Stale Papers, Domeette Senee t of the Reign of James I 
W. R RoUe m Weal Riding Seeeiom RoUe Yorkshire Archaeological and Topo¬ 
graphical Association, Record Series, Vol 8 (1888) 

481 



452 


Egbert R Isbell 

ment under Jainca to control these local officers, and the degree 
of success achieved, will be the subject of the present discussion 

It has been asserted by Beard that the Privy Council of the 
sixteenth century gained a high degree of control over the justices 
of the peace, that it communicated with them continually m re¬ 
gard to every phase of local administration, used its power to dis¬ 
miss them from the Commission of the Peace freely, and, in practice 
as well as m theory, stood always ready to interfere in matters of 
either administrative or judicial nature 1 If this was true of the six¬ 
teenth-century Council, it must follow that it was even more true 
of the Council under such a monarch as James I, who not only 
developed a theory of divine right, but undertook to make it work 
Holdsworth, while admitting the great power of the Council in 
matters of local government, asserts that in fact its coercive power 
in the early seventeenth century was weak He points out that 
the institution of the jH'ace magistracy derived from a time when 
the supremacy of the common law was unquestioned, that the 
powers and the duties of the justices were determined chiefly by 
statutes and rules of the common law, that the justices acted through 
common law judicial forms, were accustomed to exercising initia¬ 
tive, were not afraid of dismissal since the office was unpaid, and 
were subject to the supervision of the common law courts 2 Hence, 
one should expect them to assert a degree of independence of the 
royal claims * He states explicitly that the growing opposition to 
the King of the officials of the local government was of prime im¬ 
portance in overthrowing the prerogative claims 4 But in seeking 
evidence of this local opposition Holdsworth looks primarily to Par¬ 
liament, treating that body as a mirror reflecting the sentiments 
of the local officials, 4 he docs not look for much outspoken opposi- 

1 Heard, Charles, “The Office of Justice of tho Peace in England in Its Origin 
and Development/ 1 Studies tn History, Economics, and Public Law (Columbia 
University) 20, No 1 (1904) 118-121, 

’ See Holdsworth, 6 58-62 

3 “It is dear that authorities of this kind, thus controlled, will not easily 
become the mere officials of the central authority, nor easily subjected to a system 
of administrative law ” Holdsworth, 4 188 

4 “In fact these characteristics of the local government, which were fatal to 
the success of a scheme of royal absolutism, were perhaps the most important 
cause for the ultimate success of the Parliamentary opposition ” Holdsworth, 

4 Holdsworth, 6 61, 
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tion on the part of the justices themselves 1 He suggests, m fact, 
tliat only at one point did they break away from their habit of 
obedience, and this was when the King sought to raise money with¬ 
out Parliamentary sanction 7 We shall see that they offered much 
more resistance than has been recognized, and that they wen* much 
bolder about it than they have been given credit for 

THE PREROGATIVE AMBITION 

Let us first, however, consider the degree of control that the 
prerogative government assumed over the justices of the peace For 
when the local resistance is set against the background of preroga¬ 
tive pretensions, its degree and significance become clearer 

As for the Star Chamber, the justices were liable to be brought 
before it on charges of negligence or corruption, 8 or of exceeding 
their authority,® and the punishments imposed by this powerful 
body were notoriously heavy 10 To this must be added the fact 
that the Star Chamber issued more or less detailed regulations and 
orders to be executed by the local justices This was done through 
the charge which was given twice a year before each setting forth 
of the judges of assize by the president of the Star Chamber (the 
Lord Chancellor or the Lord Keeper) to all judges of assize and all 
justices of the peace who were in the vicinity The charge was 
delivered in open court, with all the judges present just as on days 

• “Thus in all matters of routine the old habits of subordination and obedi¬ 
ence prevailed, and it might be thought that these habits would prevent dis¬ 
obedience or resistance to any orders which might be issued ” Holdsworth, 6 62 

7 Holdsworth, 6 62-65 

• <•But corruption of officers, or neglect of justices of peace in their duties, in 
not bringing felons and offenders to punishment, or not certifying recognizances, 
or not granting the peace, hath had always its due examination and proofs here ” 
Hudson, p 64 floe also p 100 The court could alter fine* set by the justices 
Hudson says (p 118) “And so also fines set by any justices of peace for 
any riot or force, are no obstacle to the high power of this court, but in their 
discretion they may either fine it, or add some exemplary punishment unto it" 

• The court laid down the following rule in 1508 “Ruled by the Court, that 
if any Judge, Justice, officer or subject of the realm shall go beyond his bounds and 
limits, and misdemean himself In any manner, this Court has power and authority 
to examine and punish this, and this is clear law without any doubt or question ” 
Hawarde, p 08 

11 WhUe some of the fines imposed were as small as £5, the more frequent 
amounts ranged from £20 to £1,000 In addition, other punishments, such as 
whipping, the pillory, and imprisonment, were frequently imposed flee instances 
in Hawarde, pp 40 (1506), 108 (1600), 234 (1606), 264 (1606), 312 (1600), 
330 (1607), 334 at 886 (1607). 
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when cased were brought up for trial 11 So far as the justices of 
the peace were concerned, these charges dealt with such matters 
as the residence of justices in London and other urban centers in¬ 
stead of on their estates/ 1 the regulation of the distribution and 
sale of grains/ 1 the suppression of recusancy/ 4 attendance at 
Quarter Sessions/ 1 the suppression of rogues and vagabonds/ 8 etc 
Turning to the Privy Council, we find that it exercised the 
broadest sort of jurisdiction over the justices As will appear later, 
the Council issued many orders concerning the granting of pensions 
to disabled war veterans and the raising of money and supplies for 
royal needs Equally prolific were orders, among others, for regu¬ 
lating economic practices/ 7 for the relief of the poor/ 8 the regula- 

u See Hawarde, pp 20, 66 58 Hudson, in Rpeaking of what he terms the 
“public causes" looked after by the court, list* among other things the charge 
given to the judges of assise and the justices of the peace by the Chancellor He 
says (p 53) “And it is usually known that the justices of assise and justices of 
peace at this day repair thither to hear their charge, how they shall apply them¬ 
selves in the government of the Commonwealth, when they shall carry an hard 
hand in the execution of some laws, and when they shall remutUre hdbemu* ” 
Hudson mentions (ibid ) that during the reign of Henry VIII (“when, 1 sup¬ 
pose, they were few in number' 1 ) the justices of the peace of all the counties were 
required to come to the Star Chamber to take their oath 

“ See Hawarde, pp 53,102,106,187,326,368, also 8 P Dam , 1615, p 887, 
1610-23, pp 470,472, 1623, pp 407,508,602 Though the tone and the frequent 
repetitions of the command to the justices of the peace to return to their country 
estates show a determined effort on the part of the justices to evade the order, It 
was finally quite successfully enforced with regard to London See B P. Dom , 
1610-28, pp 467,460, 1623, pp 484, 588 In 1617 the Privy Conned excused Its 
laxity In enforcing the restriction on the ground that to do so at that time might 
interfere with the loan which the King was attempting to secure from London 
A PC, 1616-17, p 217 

» Hawarde, pp 20 (1606), 57 (1506), 367, 360 (1606) 

14 /fed,pp 264 (1605-6), 300 (1606), 326 (1607) “ /fed, p 368 (1608) 

» /fed, pp 21 (1505), 57 (1506), 264 (1600-6), 300 (1606) 

17 Orders in furtherance of the duties of the King's ainsger and collector of 
the subsidy A PC, 1613-14, pp. 380-381 (1618-14), 470 (1614), 1615-16, 
pp 104, 343 (1616), 588, 672 (1616), 1621-23, pp 143-144 (1621-22), 813, 882- 
388 (1622) Orders regulating various aspects of the doth industry A P C„ 
1601-4, pp 347-348 (1601); 1613-14, pp 51-53 (1618), 1615-16, pp 66-60 
(1614-15), p 238(1615); pp. 464-465 (1616); pp §42-643,644,660-671 (1616), 
1616-17, pp 6,24 (1616); pp 1-2,2-3,20-21,28-20 (1616): pp 40 (1616), 362- 
258 (1617), 1621-23, pp 131-183 (1621-22), 196-101, 201-202 (1622), 802 
(1622-23), p 200 (1622); pp 248-244, 263-264, 300-301 (1622), 447 (1622- 
23), pp 295-206 (1622), 455-456,456 (1623) Orders in inspect toUbortroubfes: 
A PC, 1621-28, pp 214-215, 224-225, 871-372 (1622) Assistance to bankrupt 
clothiers A PC, 1621-23,pp 277-278,313-814,381-882 (1622),466464 (1628) 
11 In addition to a multitude of orders for the conservation, importation, mad 
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turn of brewers and vendors of ale and beer, 11 and for the suppression 
of rogues and vagabonds 10 Furthermore, the Council influenced the 
selection of those who were placed in the Commission of the Peace, 81 
and could recommend removal from the Commission 88 

Most of the foregoing regulations, however, numerous and specific 
as they were, could yet be justified on the ground that they per¬ 
tained to the general welfare of the realm And the fact that tho 
Council rarely exercised its power to secure the removal of justices 
from the Commission would not appear to support an assertion 
that the prerogative government in the form of the Pnvy Council 
sought to bring the institution of the justice of the peace under 
its complete domination But it must bo remembered that this in¬ 
stitution was firmly rooted in the common law, hence any tamper¬ 
ing must be done with the utmost caution The common law aspect 
of the office lay in these facts, that the local justice denved his 
powers and duties from the common law as well as from statutes, 
that he performed his duties according to the judicial procedure 
of the common law , u and that he was subject to the supervision 

equitable distribution of grains, and the orders that we have already noted for 
the relief of disabled war veterans, the Council responded to petitions from 
destitute individuals and from towns that had been stricken with fire or flood 
Relief to individuals A PC, 1613-14, p £03(1614), 1615-16, pp 33 (1614-15), 
905-206 (1615); 1621-28, p 384 (1622) Relief to towns A PC, 1613-14, 
pp 265-267 (1618), 1815-16, pp 204-205 (1615) flee also items concerning en¬ 
couragement of the erection of houses of correction A PC , 1613-14, pp 597- 
508 (1614), 1601-4, pp. 507-508 (1603-4), 1013-14, pp 661-402 (1614) 

19 Restrictions on the brewers A PC , 1613-14, pp 397,587 (1614), 1015-16, 
pp. 50-51 (1814-16), 82-83 (1615) Restrictions on the vendors A P.C, 1614-17, 
p 308(1617), 1621-23, pp. 337-338,373 (1622), 304-405 (1622-23) Bee also the 
following items concerning restrictions on the number of alehouses APT, 
1613-14, p 601(1614), 1615-16, pp 170-180(1615); 1616-17, p 308(1617) 

* A PC, 1601-4, pp 27-28, 74-75(1601), 487-488, #01-402(1602), 402 
(1602-3); pp 501-502(1603), pp 503-504(1603), 1613-14, pp 392-303(1013- 
14); 1615-16, pp 64-65(1614-15), 160, 210-212(1615), pp 092-604(1616), 
1016-17, pp 103, 103-194 (1616); pp 6 (1610), 410-420 (1617), 1621-23, p 43 
(1621), pp 152-158 (1621-22), 418 (1622-28), 8 P Dam, 1015, p 281; 1624, 
p 176, pp 280,206; SomersetQ 5, p 273 (1620) 

* The Council appears to have had a standing oommittee for the drawing 
up of lists of those to be recommended for the Commission 8 P Dam., 1622, 
n.454. flee ato Holdsworth, 4; 83 (dealing with the sixteenth century), where the 
Gounod is described as consulting the Bishops for suitable names for the Com¬ 
mission. 

* Removals by the Council were rare, however, during this period For 
one of the few instances eee A.P C, 1621-28, p 52(1621) 

* Rven in its administretive capacity the court of Quarter Sessions acted 
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of the common law courts u He might take orders from Parlia¬ 
ment or from the King, but he earned them out in his own way, 
according to traditional common law forms, and under the super¬ 
vision of the common law courts This very situation, furthermore, 
had bred m him a certain degree of independence, for he was ac¬ 
customed to the exercise of a considerable amount of discretion 
This arose not only from the fact that he had acquired a degree of 
judicial discretion, but many of the statutes that imposed adminis¬ 
trative duties on him also lequired that he exercise judgment, such 
as the power to license alehouse keejiers 

If, then, we can find evidence that the prerogative government 
went out of its way to dictate the conduct of the justices, or to 
make them subservient to its own peculiar ends, we may suspect 
that it desired and sought consciously to dominate and make them 
the pliant tools of the King We can, indeed, show that the Council, 
in its eagerness to exert a close supervision over the justices, as- 


through the forms of its judicial procedure Thun, if a parish had failed to keep 
its highways properly, it would be presented at Quarter Sessions and fined, the 
failure of a hundred to keep its gaols m repair and good order meant a presentment 
and fine for the hundred Sec disc ussion m Sidney and Beatrice Webb, English 
Local Government, The Parish and the County (1906), pp 307-808 

u The Court of King's Bench had general supervisory power over Quarter 
Sessions This was at romplished in the main by the wnt of certioran, which was 
issuable out of either Chancery or the King's Bench Holdsworth, 1 228 This 
writ demanded that the record of the case be transferred to the higher court, 
and its result was eithei the quashing of the proceedings below on an error of 
form or on insufficiency of matter, or a trial in the court above of the substance of 
the complaint If issued out of Chancery, it was removed to the King's Bench 
by a mittimus See W Lambard, Eirenarcha, p 591 (1619) Certiorari would 
lie at any stage of the proceedings in Quarter Sessions, up to and including judg¬ 
ment Ibid The writ lay in all cases, even where the particular statute involved 
gave the justices of the peace express power to hear and determine To deny the 
writ the statute concerned in the particular case had to do so explicitly Richard 
Bum, The Justice of the Peace and Parish Officer (1820), 23d od , I 449 In addi¬ 
tion to this form of supervision by the King's Bench, statutory provision existed 
for the regular sending up to that court of certain records of the local court 
For example, under a penalty of 40a for each failure the clerk of the peace must 
certify to the King's Bench, within a limited time, a true transcript of every 
attainder, outlawry, and conviction had before any justice of the peace in his 
county Lambard, Birenarcha, p 588 The default of a recognisance of the 
peace must be certified to Chancery, the King's Bench, or the Exchequer Ibid , 
p 589 And in all those cases where the justices of the peace had power to receive 
indictments but not to hear and determine them, such indictments must be 
certified to the King's Bench as a matter of course, without special request See 
ibid , p 587 at 589 



457 


Justices of Peace and Royal Prerogative 

serted powers that traditionally belonged to Parliament, and that 
it made a definite attempt to supervise the justices in the perform¬ 
ance of their ordinary duties The supervision exercised by the 
Star Chamber was not excessive or markedly unreasonable The 
use made by the Pnvy Council of the justices of the peace in those 
directions which obviously pertained to the welfare of the realm bore 
color, at least, of disinterestedness As much cannot be Baid, how¬ 
ever, concermng the levying of benevolences and loans, and pur¬ 
veyance Here we find the justices pressed into service in matters 
peculiarly of interest to the prerogative government and, at times 
(in the raising of benevolences and loans), directly in opposition to 
the will of Parbament 

But the desire of the prerogative government to bnng the local 
justices under its complete domination finds most conclusive proof 
in the relations of the Pnvy Council to them through the judges 
of aBSize These judges, though of the common law and members 
of the central courts, also served while on circuit as administrative 
officers of the Council* 6 The Council often wrote letters of in¬ 
struction to the judges while they were going their rounds, and of 
these, so far as concerns the justices of the peace, the famous Order of 
1605 is outstanding 16 This is entitled ‘ ‘ Orders conceived fit to be put 
m execution m these several counties of this realm for the better 
preservation of his Majesty’s subjects in peace, order, and obedience 
within the same ” It then proceeds to lay down requirements for 
the justices of the peace, and institutes a method of minute super¬ 
vision of the justices through the systematic reporting of their con¬ 
duct to the King and the Council These requirements were First, 
every justice of the peace within a county must be present at every 
Quarter Sessions for that county from the beginning to the end 
Second, the clerk of the peace must certify to the»judges of assise 
any and all justices who were absent from any sessions or who re- 

* Bacon, in his address to the judges of assize just before their summer circuit 
in 1617, said “You must remember, that besides your ordinary administration 
of justice, you do carry the two glasses or mirrors of the state; for it is your duty 
in these your visitations to represent to the people the graces and care of the 
King, and again, upon your return, to present to the King the distastes and griefs 
of the people” James Spedding, Letters and Life of Bacon (1872), 6 211, quoted 
In Holdsworth, 1 272-273 See Holdsworth, 4 76-76, who describes in some 
detail the administrative duties of these judges 

* This order is quoted in full in Hamilton, pp 67-71; also In J G Cox, Three 
Centuries tf Dtrbyahtrt Annali (1390), 1 4-6 



458 


Egbert R. IsbeU 

m&med during only part of the sessions Third, the judges of as¬ 
sise must ascertain the reason for such absences or nonattendance, 
and where there was no adequate excuse, report the offending justice 
to the Chancellor, who would m turn deliver the report to the King 
and the Council. Fourth, the judges of assise were, in conference 
with the justices of the peace, to divide all the counties up into 
convenient districts, and assign certain justices to be in charge of 
and responsible for each division Fifth, the justices of the peace 
of each of these several divisions within a county were to assemble 
at some convement place within the division “near about midtime” 
between each Quarter Sessions, to inquire of and see to the execu¬ 
tion of certain matters, which are listed under item six. Sixth, 
certain named statutes are to bo executed, and the justices are to 
be informed as to all recusants, murderers, outrages, etc, within 
the division, and to give special attention to the licensing of ale¬ 
houses Seventh, the constables and petty constables and other 
petty officers within a division must attend these divisional sessions 
to give information on the matters that the justices were required 
to look into, and to bring offenders with them Eighth, the jus¬ 
tices of the peace in these divisional sessions must appoint a clerk 
to keep a record of the meetings Ninth, this clerk, together with 
the constables, must certify to the judges of assise at each assises 
“upon their oaths what Justices of the Peace were absent from any 
such assemblies 11 Tenth, punishment was to be dealt out at these 
divisional sessions for common offenses such as drunkenness, dis¬ 
orders, idleness Eleventh, the judges of assise were to report back 
to the Council concerning the conformity of the justices to these 
orders This item bears quoting* 

(11) Item, that the Justices of Assises do at every assise inform themselves as 
well by the Clerks of the Peace, Constables of the Hundred, as otherwise, what 
service have been performed by every Justioe of the Peace since the assises last 
before in apprehending of murderers, robbers, and thieves, in punishment of 
rogues and vagabonds, In suppressing and putting down of alehouses and tippling 
houses, and in punishing such other offences and disorders wherewith the ooun- 
try is most infected, and who hath been negligent in doing their duties therein, 
and to make relation thereof to the Lord ChanoeUor, and his Lordship thereupon 
to make it known to his Majesty and his Council aforesaid. 

This Order of 1605 has been commented on aa of internet be¬ 
cause of the fact that it seeks to organise the counties into divimons 
and to make the justices resident in each division responsible for 
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that particular area — thus possibly accounting for the ongm of 
the Petty Sessions that were known late in the century. 97 But 
there is no evidence that divisional sessions were actually established 
pursuant to this Order of 1605 Even if there were such evidence, 
however, the wnter feels that this Order has another and a much 
greater BigwfictOfcto.> For it is patently a bold effort to bnng the 
local justices more completely under the power of the prerogative 
government In requiring the justices to hold an extra sessions the 
Council was undertaking to prescribe that which heretofore only 
Parliament had prescribed Furthermore, the Council sought to 
make the justices feel that their every move was subject to its 
approval, they must attend both these special sessions and every 
Quarter Sessions or stand ready to show a good reason for their 
absence — not only must they attend, but they must be present 
"from the beginning of the same sessions to the end thereofFinally, 
the order concludes with a sweeping command that the judges of 
assise must inform themselves as to the general conduct of all justices 
of the peace who have been “negligent in doing their duties , 
and to make relation thereof tb the Lord Chancellor, and his 
Lordship thereupon to make it known to his Majesty and his Coun¬ 
cil . . Such an assumption of supervisory control exceeded 
anything that the Council had yet attempted In its provision for 
special sessions with limited jurisdiction, the Council sought to ac¬ 
complish by ordinance that which previously had been regulated 
only by statute, 99 in its program for a constant surveillance and 

17 See Hamilton, p 67, Holdaworth, 4 147-448 

M Hamilton, pp 70-71, see also p 68 (items 2 and 3) 

*• The statute 36 Edward 8, o 12 (1362), ordained that sessions should be 
held quarterly By the statute 12 Richard 2, o 10 (1388), this provision was re¬ 
peated, but discretion was given to the justices to meet oftener,than four tunes a 
year by the inclusion of the words “at the least M By the statute 2 Henry 6, 
stat l,c 4 (1414), the provision for Quarter Sessions was repeated, and the power 
of discretion hi the justioes as to holding more frequent meetings was reaffirmed 
by the words, “and more often, if need be M Because of the great increase in 
duties which the statutes imposed on the local justices, the sixteenth century 
witnesred a differentiation of sessions See Holdaworth, 4 146 But this was 
by statutes In addition to that of 12 Richard 2, which gave the 
justices discretion in regard to more frequent meetings, those statutes which 
imposed new duties often stated whether these duties were to be performed by 
Quarter Sessions or by a specified number of justioes. Provision for the latter, 
naturally, allowed for the der^,»pnent of special types of sessions. Then there 
was the statute 5 Elisabeth, e. 4, sec. 11 (1063-63), modified by 1 James 1, c 6 
(1603-4), which provided for a special sMSions for the fixing of wage rates. Also, 
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minute supervision over the activities in general of the local justices, 
the Council earned the royal prerogative to a new extreme 10 

It is obvious that such orders, if effective, would Berve to bring 
the justices of the peace very much under the domination and con* 
trol of the Privy Council But the Council's coercive power was 
weak First, in dealmg with the justices it had to work with a body 
of officials who were unpaid, and hence were not to be intimidated 


the statute 33 Henry 8, c 10 (1541 42), set up a quarter sessions for each hun¬ 
dred, which was to meet at least six weeks before the county Quarter Sessions 
Thu statute was repealed in 1545 (37 Henry 8, c 7) as causing too great incon¬ 
venience 

Now we find the Privy Council attempting to set up an organisation similar 
to the discredited one of 33 Henry 8 — and without going to the trouble of getting 
Parliamentary sanction 

*• This is the most atrikiug feature of the Order Its obvious intent, first ex¬ 
pressed m item 2, and repeated in items 3, 9, and 11, is to hold every individual 
justice strictly accountable to the Pnvy Council for the proper execution of the 
general duties of his office 

The history of the relation between the Privy Council and the justices reveals 
no such close supervision The exacting nature of the Order reminds one of the 
Continental system in which, speaking generally, in the development of the 
modem state, medieval institutions had been discarded and the local officials 
knew no law and no superior courts, but only the will of the central executive 
It u true that from the time, in the early sixteenth century, when the Council be¬ 
came a strong executive body, it issued a multitude of orders to the local justices, 
both directly and through the judges of assise But the justices were left free to 
carry out these orders in their own way, and were accustomed to a degree of dis¬ 
cretion See Holdsworth, 4 164 Holdsworth remarks, further (t&wf) “It Is true 
that in London, and in those parts of England which were subject to the jurisdic¬ 
tion of provincial Councils, the control of the central government was closer, 
but it never became so close as to render the justices merely its subordinates and 
agents — a fact which was recognized by the Council itself ” Yet such was the 
obvious import of the Order of 1605 And in its purpose to impose this minute 
supervision the Council went farther than over before in its effort to check up on 
the justices It had, indeed, followed the practice of encouraging local officials 
to report the laches of their fellow officials But these requests had been confined 
to specific matters, and in each case involved the reporting by a Bupenor officer 
of Ms inferior or, at most, of a fellow officer See Holdsworth, 4 ,77 and note 6 
for instances In the present order we have, however, an intent to check up on 
the attendance of the justices and even on the length of their attendance at 
Quarter Sessions (see items 1, 2, and 3) But more than this, in items 9 and 11 
the Council provided that the justices should be watched and reported for any 
remissness by their inferiors, the constables and the petty constables 

While the Order of 1605 carefully reframed from any interference with the 
common law procedure of the justices, or from any Bpecifio intrusion on the super¬ 
visory control of the King’s Bench, it was dearly an attempt on the part of the 
Coundl to accustom the justioe of the peace to obedience to the executive and 
to mold him into an efficient tool of the royal prerogative. 
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with threat of dismissal from office The Council could repri¬ 
mand and threaten, but it could not enforce Second, in acting 
through the judges of assize the Council relied on a body of men 
who belonged to the central courts Their training, their profession, 
and their sympathies were with the common law, and it would be 
surprising indeed if, acting in an administrative capacity as agents 
of the prerogative government, they should have permitted them¬ 
selves to become the tools of royal ambition* For these reasons one 
would not expect more than a nominal observance of such an order 
as that of 1605 The evidence supports this conclusion 

The records of Devonshire (which contain the Privy Council 
Order of 1605) indicate either that the instructions were not carried 
out or that in the course of a very few years they came to be ignored 
In 1600, for example, the justices of that county received a letter 
from the Pnvy Council reprimanding them, in a general way, for 
failure to carry out directions, and in the Lent assizes of 1612 the 
judges of assize expressly ordered the justices of the peace in each 
division to meet at least once after every Quarter Sessions, and once 
before every assizes* 1 The letter of 1609 requested the justices 
to select three or four of their number to carry out orders from 
the Privy Council and to report back to that body as to the measures 
taken Such a letter is eloquent evidence that the system sought 
to be established in 1605 had failed to function 

As for the judges of assize, the order of 1612 m Devonshire in¬ 
dicates that some effort, though dilatory, was made to carry out 
the will of the Council in respect to the divisional sessions The 
judges themselves also infer that they did actually report back to 
the King when they returned from their circuits In 1618, in a com¬ 
munication to the justices of the peace of the West Riding of York¬ 
shire, the judges of assize made their request “because they are 
thereof to render an accompt to the Kmge ” " And m 1624 the 
judges, m writing to the justices of the North Riding of Yorkshire 
concerning the presenting of recusants at the assizes, say that “his 
Majesty will expect a speciall accompt of the Countries forwardness 
in that speciall service. 11 ** But there is also an indication that, if 

n Hamilton, pp 79, 81. Bee also N R Q 8 , p 204(1610), for a similar order 
in Yorkshire 

0 Bee Record Sent* (West Biding Sessions Records, Vol 2 [1915]), Yorkshire 
Archaeological Society, 53 * 397-399. 9 N R Q 8 ,3 212 
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any reports were made to the King, they were of a general nature, 
and far from satisfactory — at least up through 1615. James I, 
in a speech delivered to the judges in the Star Chamber in 1816, 
said* 14 


You have charges to give to justices of peace, that they doe their duettos 
when you are absent, as well as present take an accompt at them, and report 
their service to me at your retume 1 know not whether misunderstanding 
or slackness bred this, that I had no accompt but in generall, of that I gave you in 
particular in charge the last years therefore now I charge you againe that at youre 
next retume, you repair© to my Chancellour, and bring your accompts to him in 
writing, of those things which in particular 1 have given you in chaxge . u 

The local justices found “aid and comfort’ 1 in the attitude of the 
judges of assize 


THE BORDER COT7NC1LB 

But the resistance of the justices of the peace was not, as we 
shall see, confined to a single order of the Pnvy Council. Let us 
look first at the situation along the borders, where the royal prerog¬ 
ative was directly represented by the border councils — the Coun¬ 
cil of the North and the Council of Wales and the Marches M As 
for the justices within the Northern Parts, the preeminence of the 
Council of the North over them was supported by specific orders 
from the Pnvy Council, such as the instructions of 1556, which were 
issued to the president of the local council empowering the council 
to take fines and amercements of offenders, including justices who 
neglected their duties or abused their powers, or to take bond for 
their appearance before the Star Chamber, 17 An order of 1563 gave 
to the local council jurisdiction over matters which belonged properly 
to the justices of the peace, directing the council generally to punish 
breaches of the laws, including all the penal laws and those laws 
passed in 1563 concerning servants and laborers, relief of the poor, 

94 Quoted by Holdiworth, 0 58 (taken from Work* of Jam** I £ed 1816], 
pp. 662-568) 

* It to probable that James had Just begun the practice of giving these 
semiannual instructions in person to the judges of assise and the justices of the 
peace aSeembled in the Star Chamber At least we know that from 1565 through 
1006 the Instructions were always given by the Chancellor See Hawarde, passim. 
The fact that James did take over this duty in person indicates that he felt the 
need of impressing the Judges with the importance of the instructions The failure 
of the judges to report in mote than general terms in 1615 was very probably a 
manifestation of a long-established habit, and one of the reasons why the King 
now gave hie personal attention to (he matter 

* SeeHofdsworth, 1 506-508* » Arid, p. 185. See W. & Bo0s,3.8. 
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and vagabonds 11 The justices revolted against the encroachments 
of the local council, and asserted their independence by disre¬ 
garding its orders This became so serious that the Privy Council 
felt obliged to intervene on behalf of its subordinate, and it called 
upon the local justices in the name of the King and Queen to declare 
themselves willing to “redubb” their former “faults,” warning them 
that otherwise they would be called to York to answer. 89 

But this opposition on the part of the local justices was not to 
be subdued. 40 In 1595 an information was exhibited at York against 
Henery Farrar and John Lacye, two justices of the West Riding 
who had refused to recognise a supersedeas of the peace issued by 
the local council 41 In November of the same year the Thirlethorp 
case in the North Riding came up before the Council 48 This was 

» Reid, p 100 » /bid , p 186 

40 Bee Reid, pp 221-222, where the justices of the West Riding are described 
as being determined to deny the Council of the North's jurisdiction This oppo¬ 
sition arose primarily from the sheep farmers aud the olothlers, owing to the fact 
that the council, instigated from above, was enforcing statutes against regra- 
tera and woolgatherers, and against stretching of cloth and other fraudulent 
practices in dothmaking Under the leadership of Sir John Savile, who as a com¬ 
mon lawyer had additional motives for opposing the Crown, the justices of the 
West Riding first attacked the council's authority to grant a supersedeas, and 
next its authority to execute the penal statutes except by the common law method 
of inquest and verdict, “a method which would certainly have enabled nearly 
every clothier to escape punishment for deceit m manufacture" (ibid , p 221) 
Miss Reid then points out that, m spite of its factious nature, this opposition found 
allies in the courts at Westminster, and the question broadened to include not 
only tiie jurisdiction of the Council of the North but also “the whole of the 
prerogative power of the Crown in matters of justice" (ibtd,, p 222) 

41 Queen's Attorney in the Northern Parts vq Henery Farrar and John Lacye 
(1595), W R Roll i, 8 1-15 The Quarter Sessions had assumed jurisdiction over 
Mallory** who had been required to take out a recognisance of peace before 
Raufe Belstoa, a justice of the peace, i e. a bond to keep the peaoe and to appear 
at next Sessions He appeared, and complaints were placed^ in the hands of a 
jmy. But when the justices required him to be bound to good behavior, he re- 
fussd, flourishing a supersedeas, secured from the Council of the North, “which 
was then thoughts as these defendants yete thinks to be no lawfull discharge to 
the Justyoes in there said proceedings" (ibid, p 10) 

• W.R itoib, 8,10-22(1505) Miss Reid asserts that the local justices of 
the peaoe were the first to resist the Council of the North as part of the general 
resistance to the pretensions of the Crown, and that these two cases wen the 
beginning of the contest (see pp 885-886). Though the justices wen punished in 
both eases, they refused to 1st the matter rest at that point, and in the following 
year (1586) they brought a complaint before the Lords of the Privy Council against 
the Council of the North, charging it with exceeding its power, and specifying the 
iasuanoe of a supersedeas. The Privy Council decided against the justices. This 
did not end the resistance, and in 1506 it “directed the Lord President and Council 
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also a case of refusal by justices sitting in sessions to recognise a 
supersedeas which had been issued by the council The justices 
were firm, asserting that they “would eyther be Justices or noe 
Justices and that they would suffer noe such Crossinge, which if 
they did they needed kepc noe Sessions ”, 41 and “they thought 
her majesty’s Counsell ought to grant noe supersedias above xu 
myles distant from Yorke ” 41 

The justices of the peace of Yorkshire sought to limit the power 
of the Council of the North to keep the peace to an area within 
twelve miles of York, and Sir John Savile, serjeant-at-law, who 
defended the cause of the local justices as against the Council of 
the North, even argued to deprive that body altogether of this 
power This struggle again brought on the intervention of the 
Pnvy Council, but this time it saw fit to advise moderation on 
the part of the Council of the North 44 The contest continued, 
however In 1613 the quarrel was taken before the Pnvy Council 
at London, where the mayor and aldermen of the city of York pre¬ 
sented a senes of grievances, all of which were of many years stand¬ 
ing 46 Sir Robert Cecil found it necessary to conciliate the justices, 
and transferred back to them most of the administrative powers 
that they had lost to the local council 47 By 1621 the Quarter 
Sessions took over the administrative duties that had been exer¬ 
cised by the Council of the North, and the judges of assize replaced 
the council as a medium of communication between the Pnvy Coun¬ 
cil and the justices 48 

The story of the relations between the justices of the peace and 
the Council of Wales and the Marches contains a similar note of 
discord, but in this case the quarrel arose from the inclusion in the 
Marches of four English counties In addition to the counties of 
Wales this council had jurisdiction over the four neighboring counties 
of Gloucester, Hereford, Worcester, and Shropshire These counties 
strenuously objected to the jurisdiction of the council Not only 
did they assert that they were English counties, and not a part of 

to grant writs of supersedeas in moderation, that bonds taken by the Justices should 
be allowed by the Council, and that if a party bound by the Gouaoil had pre¬ 
vious notice that a warrant was awarded against him by the Justices, the Coun¬ 
cil should repeal its supersedes ” Reid, pp 836 at 338 

u W M Setts, 3 16 * Reid, p 339 « JtmL, p 336. 

44 Ibtd , p 16 at 21. «7*td t p 828. « IbuL, p. 286. 
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the Marches, 41 but they were also impelled by a variety of excesses 
and abuses perpetrated by the council to assert their independence 10 

In this case the question of the King’s prerogative became di¬ 
rectly involved James asserted that he had the power to place 
these counties under the jurisdiction of the local council, regardless 
of their historical status, and m 1608 he demanded of the Pnvy 
Council an answer to the question whether the King by his own 
prerogative and the statute 34 Henry VIII, c 25 (1542), could give 
power to the Lord President and Council to exercise jurisdiction 
within the four counties The Pnvy Council ggve the question to 
the judges for answer, and they argued the matter for mx days, 
including also the question of the legality of the civil junsdiction 
of the Council of the North Coke gave the opinion, but it was 
never published and it was probably adverse to the Crown 61 

The part played by the local justices in the four counties con¬ 
cerned was one of active and persistent opposition In 1608 
Lord Eure, president of the Council of Wales and the Marches, 
wrote to Lord Salisbury, then Secretary of State, complaining of 
the determined opposition of the justices of Herefordshire and 
Worcestershire to the authority of the council “ In 1610 a com- 

4# See Edward Coke, The Fourth Pari of the IrutUtUn i of the Laws of Eng¬ 
land (1707), 7 242, where six reasons are presented for the proposition that 
the four counties should not be considered pent of the Marches, but ancient 
shires of the realm of England 

M See C A Skeel, The Council in the Marches of Wales, pp 140-141, where 
seventeen complaints are set forth Among these were the illegal proceedings 
of the council, "its interference with the common law Courts, its undue ex¬ 
tension of jurisdiction in matters of title, legacies, etc The sheriffs of 

the four counties were more plagued with executing the processes of the Court 
than with those of all the Courts of Westminster, and often found themselves 
punished for executing illegal orders " But strongest of all were the following 
arguments that the four English shires should not be put in a position different 
from that of others equally remote from the capital, "that the inhabitants ought 
not be deprived of their ancient right of trial by jury and remedy by attaint, 
that the subject was in perpetual uncertainty as to the tenor of the instructions, 
which were alterable at the pleasure of the Crown ” 

The opposition to the council was led by Sir Herbert Croft, who liad been 
discharged from the Commission of the Peace In 1607 he interfered in a case 
before the council, by securing a wnt of prohibition from the King’s Bench This 
resulted in the matter being taken before the Pnvy Council, which decided also 
to take under consideration at the same time the question of the jurisdiction of 
the Council of the North, and it was at this time that James presented his ques¬ 
tion of prerogative power See ibid , pp 137-138. 

« Holdsworth, 1 611 

“ S P Dorn , 1608, p 80S See also pp 400, 450-451, 466 
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munication from Lord Eure to Lord Salisbury, stating that a bust 
assault was being made by the malcontents in Herefordshire against 
the jurisdiction of the “Court of Wales/' again implicated the jus* 
tices of the peace. 81 The grand jury for Herefordshire in 1610 
petitioned the justices of the peace of that county against the juris* 
diction of the “Court of Wales/’ entreating them to recommend 
that the knights of the shire seek redress from the King 84 Sir 
Herbert Croft, a justice of the peace, was one of the most aggressive 
leaders of the opposition. He was dismissed from the Commission 
of the Peace, w and even denounced by the King in person before 
the Privy Council as a prune instigator of the opposition M 

The situation in the border counties thus reveals an active and 
growing opposition not only to the extension of the royal preroga¬ 
tive, but, in certain aspects, to its very existence And we have seen 
that the local justices played an outspoken and fearless part in 
this opposition But their grievances were aggravated by the con¬ 
duct of the border councils The assertiveness of the prerogative 
was earned to their very doors, and they were fairly goaded into 
conflict As for the rest of England, the organs of the prerogative 
government wen* at London — for most of the counties they were 
remote Here we might expect a minimum of opposition on the 
part of the local justices Here we may look for the real test as 
to whether the justices were by habit obedient to the will of the 
prerogative, as Holdsworth suggests, were inclined to defend their 
common law perquisites, or wore passively indifferent. Let us turn, 
then, to the direct relations of the local justices of the peace of the 
realm with the Fnvy Council To make the test valid, we shall limit 
our attention to those cases in which there might be a difference in 
interest as between the Privy Council and the justices So viewed, 
the cases group themselves under the subjects of pensions, loans 
and benevolences, purveyance, and general supervirion of the justices 
of the peace by the Pnvy Council, 

DIRECT RELATIONS WITH THE PRIVY COUNCIL 

The Pension Cnees 

The problem of relief for the disabled war veterans was brought 
frequently to the attention of the Privy Council, The assessing of 

* S P Dm, 1610, p 637 « Skeri, p, 187. 

M /but , p 640, See also Sked, p 180, " Ibid, p. 145, Seen,60*above. 
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a rate and the granting and paying of pensions wore provided for 
by statute 17 Discretion as to the amounts to be paid to an appli¬ 
cant lay with Quarter Sessions, which could also alter the amounts 
at will The recipient, to qualify for any relief, must either have 
been drafted (“prest”) into the King's service from the county 
making the grant or have been born there, and must exhibit a 
certificate duly signed by his superiors setting forth his injuries and 
service 

So much dissatisfaction arose, however, from the way in which 
the justices handled the granting of pensions that petitions direct 
to the Council by maimed soldiers whose requests for relief had been 
refused by the Quarter Sessions, or whose pensions were m arrears or 
had been curtailed or cut off entirely, were at times fairly numerous 19 
For instance, the pension of William Waughe, of the County Pala¬ 
tine of Durham, was cut off the moment he attempted to work a 
little at his trade of shoemaking, although he found himself unable 
to continue working at it 89 The pension of Thomas Huntley, of 
Sussex, was cut off without any reason being given, although it had 
been paid for twenty years 60 John Egleton, of Essex, aged as well 
as maimed, was constantly put off with the promise that he would 

w 43 Elisabeth, c 3 (1601), continued by 21 James I, c 28, sec 1 (1628-24) 
The statute reads in part as follows (sec 2) “ evene Paruho within this 
Realme of Englande and Wales, shal be charged to pay weekelie suohe a sQme of 
Money towardes the Reliefe of aicke hurte and maimed Souldiero and Mariners 
that soe have bene as afore is aside [‘that have loste their Lymmes and disabled 
their Bodies in the Defence and Service of her Majestic and the State ’1 or shall 
looee their Lymes or disable their Bodies, having* bene pros! and in pay for her 
Majesties Service, as by the Justices of Peace or the more parte of them in their 
general! Quarter Sessions to be holden w their sev'all Counties next after the 
Feasts of Easter next soe as no Parishe be rated above the sums of tonne 
Pence nor under the sums of Two Pence weekelie to be paide, and soe as the tot&ll 
sume of such Taxaeon of the Parishes, in any Countie where their shalbe above 
Fiftie Parishes, doe not exceed the Rate of Sixe Pence for everle Panshe in the 
same Oountie ” 4 Statute* of the JUolm 1 Part 2, p 966 For London the 
limits were set at 12d 36a It was further provided that the money should be 
collected by the churchwardens and petty constables, and paid over to the High 
Constable who, in turn, most pay it over to one or two designated justices of the 
peace at each Quarter Sessions — said justices to give an accounting as to all 
monies so received once a year at the Easter Sessions 

* The Acts of the Privy Council contain eighty-one such petitions, some of 
which joined several applicants. In these records they vary in number from one 
to seventeen in a year 

** A.PC. t 1619-17, p. 119(1616-17) 

« find., pp 266-267 (1617) 
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be granted a penwon “when any should become voyde ” 81 The pen¬ 
sion of Thomas Raunson, of Essex, was withdrawn on the ground 
that said pension should come from the county as a whole, and not 
from a particular parish w When the plea for restoring the pension 
was renewed m the following year the justices based their refusal on 
a technicality, asserting that the case did not come exactly within 
the statute 88 Baldwin Benford, of Warwickshire, was refused a pen¬ 
sion because he went voluntarily to war 84 

These instances suffice to show that the justices were, for the 
most part, intent on making the pension burden as light as possible, 
and that they resorted at times to bare technicalities and rigid in¬ 
terpretation of the statute to avoid pensions 84 

The attitude of the Pnvy Council was uniformly sympathetic 
toward the petitioning veterans, and its orders to the Quarter Ses¬ 
sions not only demanded that pensions be paid but frequently in¬ 
cluded rebuke of the narrow and penurious attitude of the justices 
In these cases, however, the justices appear to have been uni¬ 
formly immune to conciliar rebuke, and even to conciliar commands 
While they did not openly refuse to grant the pensions ordered, they 
offered a passive resistance which was equally effective Commu¬ 
nications from the Council would go unanswered for years, and the 
Council would learn that no action had been taken by the justices 
through the appearance months and even years later of another 
petition from the war veteran 88 For instance, an order of 1601 
to the justices of Leicestershire in behalf of Thomas Yates recited 
that the Council had issued a previous order m the ease in 1598, 
but that the petitioner now comes again The letter continues 
41 , notwithstandmgc our sayde letters you have not taken any 
order for his releefe, neither have you retoumed answere unto us 

« A P C , 1615-16, pp 662-663 (1616) 

• Ibid, 1621-28, pp 62-63(1621) 

“ Ibid, pp 122-193 (1622) 

* Ibid, 1613-14, pp 184-185(1613) 

u Of course, the facts of those oases have their source in the petitioner, and 
are doubtless so presented as to put his case m the most favorable light As they 
appear in the Council records, however, they have been accepted by the Council 
as true, and they form the basis of the Council’s orders to the justioes The local 
records are, with rare exceptions, silent as to these conciliar communications and, 
indeed, as we shall see, the justices rarely answered them 

u One out of every five instances in the Pnvy Council records chows failure 
on the part of Quarter Sessions to observe in any way previous orders uf the 
Council 
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of the reasons of your refusall in that behalf ” #T In the case 
of Lieutenant Price, of Radnor County, an order of 1614 states 
that a previous order had been issued by the Council about a year 
earlier, but that “Nevcrtheles the poore man is agayne an impor¬ 
tunate suitor unto us for releife, as having recieved no satiBfamon 
from yow, neyther have yow retourned us ame answer at all of your 
proceedings heerein ” •* A good five months later the petitioner 
appeared before the Council a third time, the local justices having 
neither taken any action in the case nor answered the Council's com¬ 
munications 69 In the case of Jeremy Evers, of Bedford County, 
the Council, in 1617, wrote as follows to the local justices 

Having often heretofore written unto yow on the behalfe of this poore 
man , a maymed soldycr, and borne in that county of Bedford, wee did at 
last receive your antmer about a twelvemoneth since, which for the present did 
give u» good satisfaction, not expecting that wee should agame be troubled with 
new petitions from the poore man 70 

And m 1621 22 the Council wrote to the local justices of West- 
merland County 

Having by former letters written from this Board recommended unto you 
this bearer, Anthony Lut as, a poore maimed souldier, for some reliefe to be allowed 
unto him wee did expect you would liave thereupon taken order to that 
purpose, but forasmuch as the said Lucas is now agame an humble suitor unto 
us 71 

The patience of the Council was remarkable Indeed, the tone 
of the communications to the local justices is exasperatingly mild, 
for even after years of total neglect on the part of the justices of 
a conciliar order, during which time not even a reply to the Council 
had been made, the Council would write in such terms as the fol¬ 
lowing , 

he hath informed us that notwithstanding*) our sayde letters you have not 
taken any order for his releefe, neither have you retourned answere unto us 
of the reasons of your refusall in that behalf, which woe cannot but impute to some 
default and want of due regard on your parte in negleetinge our said dyraction or 
satisfinge us by your aunswere as aforesoide, wee have therefore thought good 
once more to require you either to take order for such releefe to be yelded unto 
the saide poore marryner as by our former letters was proscribed, or otherwise to 
certlfie us speedyly of the causes that do move you to the contraiy 79 


* A PC, 1601-4, pp 45-46(1601) « Ibtd, 1616-17, p 396(1617) 

* fM, 1613-14, pp 502-503 (1614) * /W, 1621 23, pp 142-143(1621-22) 

» lM t p 642(1614) " /buL, 1601-4, pp 45-46(1601) 
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Thus there is evident in the pension cases a widespread and con¬ 
stant resistance to the demands of the Privy Council The opposi¬ 
tion was passive rather than in the nature of open revolt, but it 
appears to have been nonetheless determined and effective, and it 
may seem surprising that the Council did not use harsher methods 
in combatting it 

Loam and Benevolences 

The reluctance of Parliament m granting the requests of the 
King for money resulted, as is known, m a resort to extraparliamen¬ 
tary methods, namely, the imposition of subsidies, benevolences, and 
loans 78 This was done by the Privy Council acting through the jus¬ 
tices of the peace The justices were instructed to levy these burdens 
on themselves as well as on others of means (in fact, the justices were 
supposed to set a good example for the rest) If the justices were 
inclined to offer resistance to the prerogative government, one would 
expect to find it here, and such, indeed, was the case Not only 
did justices frequently seek to evade the personal burden, 74 but there 
was a sullen reluctance to carry the imposition out on others In 
1614, for instance, the Council addressed a letter to the sheriffs 
and justices of the peace of all the counties of England and Wales 
concerning a “contribution” recently levied “for the supply of Ire¬ 
land, for provicion of the Cautionary Townes m Holland and Ze- 
land, and for the furnishing of the Navye.” The letters give as 
additional reasons the dire straits of the King’s daughter and her 
husband, Frederick of the Palatinate, describing the situation on 
the Continent in detail. The letter closes as follows: “Upon these 
reasons, and finding it strange that we heare nothing from you, 
wee have thought good to second our former letters and therefore 

n Theme who contributed to these loans did not expect to be repaid Holde- 
worth, 4 104, n 6 The legality of this method of raising money was put to the 
test in the Star Chamber in 1614 in a case against Oliver St John, and was up¬ 
held, but in 1628 Coke reversed himself and denounced it to the extent that 
contributions were demanded against the will of the subject See ibid , ft, 427, 
n 4 

74 In connection with the subsidy of 1621, for example, Sir Francis Aahbie, 
one of the commissioners for the subsidy in Middlesex, was ordered to “bee put 
out of the commissions of the peace and subsidie, in conformity to an Act of 
Counsel! of the 27th of September 1621, whereby other commissioners were 
put out of the commissions for the same occasion M The “occasion” wee his 
effort to lessen the imposition which had been placed on him by the other com* 
mitfioners. A P>C. t 1621-23, p 60 (1621) 
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doe pray and require you, m you tender the good of your countrye 

. to imploy your best endevors for the speedy retume of this 
contribution, * ” n 

The “ keare-nothmg-from-you ” method appears to have been 
typical of these esses as well as of the pension cases But it was 
pursued under the glare of close scrutiny and m the face of a much 
greater insistence on the part of the central government So deter* 
mined was the King to raise the sums requested that at times the 
passive resistance of the justices became a good equivalent to open 
opposition This is particularly true as applied to London, “his 
Majesty’s Chamber,” where the activities of the local officials were 
earned on under the very nose of the King in Council 

The records of the Council provide us with a fairly detailed pic¬ 
ture of one effort to raise money in London It was late m 1616, 
shortly before the King’s departure on his “Northern Progress,” 
when the Council requested of London that city’s secunty under 
its common seal for a “loanc of one hundred thousand poundes,” 
which his Majesty needed “for sundry necessary and urgent occa¬ 
sions ” The secunty offered was the King’s “ownc counter-security 
under the greate scale of England ” The mayor and aldermen n 
acquiesced, but they were not satisfied with the guaranty With 
a great show of loyalty and submissivencss to the King’s will, they 
came before the Privy Council with a request for better security 
The Council record is so desenptive that it warrants quoting 

This day there came before their Lordshipps, Thomas Coventry, esquire, 
Recorder of the ettty of London, aceompanyed ^with fowre other Aldermen, and 
returned the humble answere of the eltty to this effect, that they did dutifully 
acknowledge his Majesty’s singular goodnesse and favour at all times towards* 
their dtty, and seeing that they were as much hound unto him, aa their predi- 
ceoeors were ever to any of his Majesty’s progenitors, they wqpild bee ashamed to 
oomme short of those that had gone before them, In expressing their loyall and 
dutifull affections to so gratfous a Kinge, and therefore had all una wee agreed 
and resolved to give his Majestie satisfaction in the point of secunty as hee de¬ 
sired, not any one man denying or holding up a hand to the contrary Which 
they did humbly beeeech his Majestie to accept in good part, and to the security 
which it pleased him to offer them under the greate male, to vouchsafe to add 
withafi his royal word aad promise for the clttye's indempnitey, which they did 
eateeme farre more than all the greate scales whatsoever ” 


» lb id., 1616*14, p 667(1614) 

* The mayor and the aldermen of London, as of most of the city corporations, 
wen included in the Commission of the Peace 

* A PC, 1616-17, p 136<1616-17 — Jan 36). 
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There is no indication, however, that the request was granted, 79 
and the transaction, begun with such amiable phrases, in time swung 
into acrimony and threats The Pnvy Council at first undertook 
to direct the operations, and raised £40,000 Then it turned the 
whole responsibility over to the mayor and aldermen of London, 79 
leaving them to raise the remaining £60,000 From this point on 
the matter dragged interminably, and the Council became very 
outspoken m its displeasure The London officials appear to have 
raised ultimately another £40,000, but this was their limit The 
Council complained that 

soe slow is the performance of uhat was promised as there in wanting© 
of that summo very nee re twenty thousand poundes which wee cannot but 
impute either to backw&rdne* and ill affetcion or to the negligent and in- 
descreete carnage of the same For wee have observed in the course of your pro¬ 
ceedings that you have either altoge&ther omitted or sparingly handled many of 
the best i itiaens, and others of sufficient meanes and abillity that were meete to 
be dealt withall and have fallen upon persons of weake and meane estate 

which hath raysed much noyse and clamore and produced little or noe 
performance Neither may wee omitt to lett you know that wee did not 

expect when by our former letters wee required you to certify unto us the name 
of any one or more that should be found refractory or ill Affected to be proceeded 
withall for example to the rest as the cause should require, you would now after 
soe longe tyme of breathmge and that the busines had ben thus blasted by ill 
handlinge retoume such multitudes unto us as you doe, or make this Boarde your 
mynisters to perform© that which belongeth unto you "• 

The letter closed with a threat that, if the remaining sum was not 
speedily raised, the Council would require the aldermen to make 
up the deficiency out of their own pockets 

Even these strong words foiled to move the mayor and alder¬ 
men, however* The last communication that appears in the Council 
records concerning the loan resorts again to threat, and employs 
accusation in even stronger terms 

wee have once againe bene mooved, by wata of advice and adraonicion, 
to open your undentandinges and to lett you knowe that the matter of the 
loane hath bene handled with negligence, extreame partialhtle, and suohe 
appearance of backwardnes and ill affection, as if wee should take a strict ac- 
compt of your prooeedinges therein, you were noe waie able to make any satis¬ 
factory aunswere.* 1 


In a communication dated March 2 of the same year only the great seal is 
mentioned as security APC , 1610-17, pp 172-173 (1616-17), 

» Pnd 

M Ibid , pp 266-267 (1617 — May 28) 

M 76td,pp 298-299(1617 — July 11) 
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Purveyance 

The exercise of the royal prerogative in regard to purveyance 
was at least as irritating as the direct requests for money, and 
of far wider incidence Purveyance, too, was accomplished largely 
through the justices of the peace The Board of Qreen Cloth, whose 
function it was to provision the Royal Household, made the bulk 
of the demands But the Pnvy Council also was active in this 
direction As for the justices, we again witness the old policy of 
passive resistance to the royal demands However, perhaps because 
of accumulated irritation, perhaps because the demands were grow¬ 
ing more oppressive,“ we find here instances of open revolt 

The records of the North Riding of Yorkshire provide us with 
a good illustration of the passive resistance method as applied to 
purveyance The Quarter Sessions of that district issued an order 
in 1607 to the effect that the arrearages payable to Mr Twentyman 
for wax for his Majesty's provision should be forthwith estreated 
to date and collected w Two years later the same Quarter Sessions, 
moved at last by letters from the Lord President of the Council 
of the North in behalf of Captain Henry Wood, a purveyor, ordered 
that the captain be paid the same amount as his predecessors had 
received, provided the said captain enter bond at the Quarter Ses¬ 
sions next after Easter to free the North Riding of all other charges 
while he should be in office 84 At another time letters from the 
Pnvy Council were required to move the same Quarter Sessions 
to order that John Twentyman have paid to him according to the 
same rate as that levied in the West Riding, “and in such manner 
and upon the same conditions as the W R hath compounded with 
him ” “ In the same year (1613) this Quarter Sessions, in 
reluctant response to several letters that had been directed to them 
from the Bocurd of Green Cloth m behalf of John Twentyman, ordered 
that £15 be estreated and levied within Richmondshire and paid to 
Sir Timothy Hutton to the use of the said John Twentyman, in 
discharge of all arrears up to the end of that year, “and in con¬ 
sideration of his charges spent about the same ” M In 1616 an 
effort was made to impose a purveyance m kind of wax The Riding 

■ See F C Diets, Bngtuh Public Finance, 1558-1641 (1082), pp 167-169, 
for a graphic picture of the financial predicament of the government 
* NBQ8, 1*97 "IM, 2 24(1613) 

u find , 1 168(1609) »/M,2 84 
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resisted, and finally compromised by paying the purveyor's expenses 
on condition he would never bother them agum " 

In the last instance mentioned there is a suggestion of open 
defiance In certain other parts of the realm all pretense of com¬ 
pliance was cast aside, and the reasons for resisting the royal de¬ 
mands were marshaled and hurled back at the central government. 
The brewers of London, for example, objected to the necessity of 
furnishing beer for the King’s household without being paid in 
cash therefor They prevailed on the mayor and aldermen of that 
city to remonstrate with the Pnvy Council The arguments em¬ 
ployed were, first, that a clause existed m the city charter whereby 
the King was restrained “from making any prisage or purveyance 
within the cittie of London and hbertyes thereof, without consent 
of the owner and redy payment”; and, second, that the King 
already owed the London brewers for more than 2,000 barrels of 
beer ** The Councd, m reply, asserted that “his Majestie may law- 
fulhe take beere and all other like provisions by commission for the 
service of his howse, paying for all thrnges so taken redy money, 
if the price were under forty shilhnges, and for all that was above 
xls, giving bills to be payed by the cofferer according to the ap¬ 
praisements/’ *' but, as to the sum in arrears, ordered the cofferer 
to make “present satwfaccion of them for all that have ben taken 
before Michallmas ” *° Apparently this did not satisfy the brewers, 
for we find later that some of them were thrown in gaol “by his 
Majestie’s Officers of the Groene Clothe” for refusing to sell beer 
to the purveyors Sir Henry Montague, recorder of the city of 
London, and certain of the aldermen addressed the Council on be¬ 
half of the imprisoned brewers, saying that the demand of the pur¬ 
veyors “was contrane to the charters and liberties of the cyttie 
of London graunted by his Majestie’s Royall predecessors, and con¬ 
firmed by his Majestic and by sundrie Actes of Parliament, whereof 
they [the aldermen] did humbly pray their lordships to have a due 
and favorable regard ” 11 Thu time the question was given to Sir 
Edward Coke for an opinion, but the Council later reconsidered and 
requested Coke to refrain from writing an opinion * 

« NRQJS , 2* 125-120 " 1M , 1615-18, p. 9(1014-15—Jaa 8). 

“ A PC, 1018-14, pp 047-049(1014 — Deo 4) 

•* Ibid., p 047at 048 (1014) " Ibid, p 17 (1014-10 — Jaa. 10) 

M Ibid,, p. 047 at 049 (1014) 
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But the London officials were not alone in their open opposition 
to purveyance In 1613 the justices of the peace of Dorsetshire 
resisted the demands of the Fnvy Council for “the carryage of a 
certauie proportion of timber by the mhabitantes of that countie 
out of the Newe Forrest for the use and service of his Majestic’s 
Navie ” 99 The local justices appear to have used three arguments 
to support their refusal, first, that the number of loads required 
was out of proportion to the demands made on other counties, 
second, the lugh degree of inconvenience involved, due to the lay of 
the county both with regard to the forest and the destination for the 
timber, third, that they had made a composition with the Board 
of Green Cloth to exempt them from the burden of carnage. 94 The 
Council replied to these objections senatim, complained that "hoc 
longe tyme hath ben spunne out and lost by answeares and excuses,” 
and ordered that the transportation be provided “ without further 
excuse or refusall,” but, whereas it seems first to have suggested 
the hauling of 1,000 loads, it now stipulated 500 A similar resis¬ 
tance was met with in the neighboring county of Wiltes 96 

In 1621 the Council ran mto like difficulty with regard to Berke- 
shire. Five hundred loads of timber for his Majesty’s ships had 
been bought m Hampshire, and the inhabitants of that county had 
agreed to haul 300 of them The Council sent a request to the 
justices of the peace of Berkshire for the hauling of the remainder, 
but was met with a refusal on two grounds, first, the timber lay 
too far within the borders of Hampshire, second, the pnoe offered 
for the hauling was too low There is no indication, however, that 
the Council retreated m this case 96 

The prerogative government was thus obviously meeting with 
a determined resistance from the local justices pn a wide front 
With regard to loans it was the London area that was chiefly af¬ 
fected, yet in spite of the fact that this district was the very habitat 
of the central government, resistance, while clothed m polite language, 

99 Ibid,, 1618-14, pp 118-119 (1618 - July 6) 

94 Md., p 118at 119(1618 — July 6) 94 Ibid, p. 118(1618 — July 6) 

* find * 1621-38, p. 38 (1621 — Aug 8) We have also found a single case 
In which punishment was actually imposed. In connection with an imposition 
of a subsidy in 1621 In Middlesex certain justices attempted to evade in part the 
assessments which as a body they had levied on themselves. The Council called 
the offenders before it and expelled them from the Commission of the Peace 
afed from any and all other oommiwkms. /hid, p 69(1621) 
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was strong Purveyance affected the whole realm The fact that the 
local justices refused compliance and even argued their ground openly 
reveals how bold the spirit of opposition had become 

conclusion 

Thus the prerogative government, clearly seeking to dominate 
the local justices, met not only with a varied and widespread re¬ 
sistance on the part of the justices m those fields where the King 
and his Council had a customary supervisory rAle, but also with a 
lack of cooperation from those who were to be its chief instrument 
in the extension of its authority — the judges of assize And if 
we examine the records more closely we find in the conduct of the 
Pnvy Council toward the justices a tacit recognition of the help¬ 
lessness of the prerogative government against this resistance Such 
recognition is evidenced in several ways We have seen, for in¬ 
stance, that, while it could procure the removal of justices from the 
Commission of the Peace, it did so rarely We have also witnessed 
the patience of the Council toward the justices in the pension cases 
But even in those matters wtuch the Council considered most ur¬ 
gent, such as the rawing of money for the King, the Council, though 
expressing itself in strong terms, was for the most part content with 
bare threats 87 And in the rawing of supplies, the Council not only 
stooped to argue with the local opposition, but made concessions 91 

The local justices were not to be swept from their common law 
moorings 

Univbbsitt of Michigan 

#T We have found one instance in which the Council obviously succeeded in 
scaring the justices into submission This arose out of the “gift" which was 
raised for the King in 1614 The Pnvy Council gave curt orders to certain 
specified justices of the peace in at least the counties of Devon, Somerset, Notting¬ 
ham, and Warwick to appear before the Council on or before the 20th of Novem¬ 
ber of that year, their presence being required “for some occasions which yow 
shall understand at your comeing ’’ Upon their arrival they were thoroughly 
scared and sent home with a letter justifying the levying of benevolences, and 
requiring that the money asked for in this instance be raised Bee Hamilton, 
pp 48-40 (Devon), A PC , 1618-14,pp 611 (1614)(Somerset),616(Somerset), 
626-626 (Nottingham), 628-631 (Somerset), 632 (Warwick) 

** For example, see the Council's letter to the justices of the peace of Dorset¬ 
shire A PC, 1613-14, pp 118-119 (1613) See also Ond, pp 647-649 (1614) 
The Council hens took great pains to answer the mayor and the aldermen of 
London, who claimed that the London Charter exempted the London brewers 
from purveyance of beer It also ordered that arrearages be paid 



THE FRENCH ELECTION OF 1871 

RUDOLPH A WINN ACKER 

O N JANUARY 28, 1871, an armistice was signed between the 
French Government of National Defense at Pans and the 
recently proclaimed German Empire According to the terms of 
this armiRticc an election was to be held in France to create a National 
Assembly which was to decide “if the war ought to he continued or 
on what conditions the peace ought to be made ” 1 

The next day, January 29, a decree 1 was issued by the govern¬ 
ment at Pans setting the date of the elections for February 8 and 
announcing that the elections would be held according to the law 
of March 15, 1849 This meant that each department would be 
considered an electoral district, in which representatives were chosen 
by means of the xcrutin de liste 2 These first instructions were 
supplemented during the next few days by four decrees The first 
of these made the present prefects and subprefects ineligible for 
office, the second decreased the number of votes necessary for 
election on account of the war, the third apportioned fifteen deputies 
to Algeria and the colonies, where elections were to take place as 
soon as possible, and the fourth annulled Gambetta’s decree of 
January 31, which had declared ineligible all those persons who had 
been ministers, senators, councillors of state, prefects, or official 
candidates at any time between December 2,1851, and September 4, 
1870 

The country which was to choose its representatives according 
to these rules was in a state of anarchy and disorder * Twenty-five 
of the eighty-eight departments were occupied by the enemy Four 
hundred and thirty thousand men were prisoners in Germany 
Another hundred thousand were interned in Switzerland and Bel- 

1 Article 2 of the Armistice Convention 

* This law and the following decrees can be found in the Annates de VAeeem- 
U4e ncdumaUt table* analyiupu 1871-1876, pp 2-18 

* On the general situation in France see Q Hanotaux, fftetotre de lafondatum 
de Jet Trambne Rtpubhque (Paris, 1925), I 21-28. 
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gium An army of over five hundred thousand was temporarily 
imprisoned in Pans The government itself was divided At Pans 
the responsible officials were ready for peace at any cost, while 
the delegation at Bordeaux under the leadership of Qambetta pre¬ 
pared to continue the war Both branches of the government in¬ 
creased the general confusion by sending out confiictmg orders 4 

After more than nineteen years of Napoleonic dictatorship po¬ 
litical parties which might have guided the electorate were practically 
nonexistent The Bonaportists were disorganised and discredited 
after the military defeats and the overthrow of the Empire on 
September 4, 1870 The Republicans, who had taken their places 
in the government, had been the cause of further defeats and by 
the levie en masse had brought the whole nation mto contact with 
the war Victory and glory gamed by the regular army would have 
been welcomed by most citizens, but the disturbances and suffering 
created by a national war had turned a large portion of the French 
people from indifference to pacifism Consequently the war en¬ 
thusiasm of Qambetta and his followers 4 tended to discredit the 
whole Republican party, in spite of the fact that a majority of this 
party saw no ray of hope for victory and desired peace Further¬ 
more, the Republican campaign was handicapped in its effectiveness 
by the party’s failure to establish an organization outside the great 
cities of France — a mistake which Gambetta had vainly tned to 
rectify during his four months in the provinces 4 

The Royalists were hardly better prepared to win the elections 
The Legitimists had followed the order of their leader, the Count 
of Chambord, to abstain from all public functions and even from 
voting dunng the Second Empire, and hence they and their leaders 
had largely passed out of the public eye. The Organists had not 
been so ascetically inclined dunng the past eighteen years, but in 
their opposition to Lotus Napoleon they had shifted not only their 
arguments but also their own beliefs from royalism to liberalism, 
with the result that the Orl6amst princes had few real supporters 
in the country. 

Consequently, on account of the anarchy within the country 

* Qambetta did not resign his office until February 6 

4 A defense of Gambetta's point of view can be found in A ZSvadt, Histoir* de 
la Trombne Rtpubhque (Paris, 1996), pp 33-34 

* For Gambetta's attempt to combine politics with national defense see the 
hostile aooount of H Dutr&it-Croson, OambeUa d la dtyenn nationals (Paris, 1996)* 
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and the disorganised political life, it seems correct to assume that 
the election of February 8, 1871, was nonpolitical, that the issue 
before the electorate was solely the one of peace or war. 7 The 
nation’s verdict on this question was overwhelmingly in favor of 
peace at any cost 8 However, the deputies chosen at this time were 
called upon to solve another problem of almost equal importance, 
namely, the character of the future governmental institutions in 
France The Republic established on September 4, 1870, had never 
been approved by the country as a whole, but had been proclaimed 
by the people of Pans and had continued to exist only m default 
of any opposition 

It might be tme that, m order to solve this institutional problem 
in accordance with the views of the nation, a new election should 
have been held, as the Republicans continued to assert during the 
following years 9 The fact remains, however, that the National 
Assembly assumed constitutional powers, and therefore the real 
question concerns the degree m which this body of deputies repre¬ 
sented the political opinions of France 

In seeking an answer to this problem great difficulties arise con¬ 
cerning the opinions of the deputies as well as those of the nation 
Tbe candidates for election were not asked to publish a political 
platform They were chosen m each department by various self- 
appointed local committees. Some of these committees had been 
formed dunng the later days of the Empire and claimed the support 
of the former Union Literate or of the Republican party, others had 
been created haphazardly for the present occasion and included the 
so-called leading citizens of the district Sometimes the candidates 
selected at these meetings were not consulted. Royalists and Re¬ 
publicans often ran on the same ticket At Marsel Thiers’ name 
was included m the lists of both the opposing parties. Even the 
political reputation of the candidates constituted no definite index 
to their opinions, for most of the conservative Republicans, like 

r On this point unanimity reigns among the authors of books cm the Third 
RepubUo See, for example, Hanotaux, op ctf , p 20, Zdvate, op eU , p 88, 
R. Dreyfus, Moneieur Thkrt oontre FBmptrt, la guerre, «f la Commune (Paris, 
1988), p 257; Marquis de Roux, Origtnm etfondatoon de la Troittbme tUpubhgue 
(Paris, 1988), p. 88. 

• On March 4,1871, the National Assembly ratified the preliminaries of the 
peace with Germany by a vote of 546 to 107, with 23 abstentions. 

9 Bee Gambetta’e speech in the National Assembly on August 31,1871, and 
hb speech at Angers, April 7,1872 
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Thiers, had a Royalist background 10 Under these circumstances 
the only method of determining the political tendencies of the depu¬ 
ties is an analysis of the votes on important questions in the 
National Assembly from 1871 to 1875 11 A compilation of this 
nature TevealB that the Assembly elected in 1871 included 389 con¬ 
servatives from the Legitimist, Orteanutt, and Bonapartist parties, 
13 deputies who were Royalists in 1873 but who accepted the Re¬ 
public in 1875, and 336 Republicans 11 Consequently, the usual 
statistics for the National Assembly, giving the Royalists 400 dep- 


10 No detailed investigation of this election has been published, but indica¬ 
tions of the methods employed appear in some of the memoirs of tills penod by 
the Vicomte de Meaux, Souvenirs poltitquee (Pons, 1903), Due de Broglie, 
14 Souvenirs ," Revue dee deux tnondee , Pfr VII, 49 (1929) 543-567; M de MarcAra, 
L'AeeembUe ntUumdU de 1871 (Parts, 1904), Ch Chesnelong, Lee Demure 
Jours de VRmpire et k gouvemement de M Thiers (Paris, 1932), see also Ch 
d’Espinay de Bnort, 14 Une Correspondance inldite Le Prince Imperial et Ernest 
Lavisae, 1871-1879," Revue dee deux mondes, Pdr VII, 50 (1930) 660-561 

11 In this work the author has used the reBultB of the balloting on the follow¬ 
ing questions 


1 March 1, 1871 

2 June 8, 1871 

3 Aug 30,1871 

4 May 24, 1873 

5 June 24, 1873 

6 Nov 19, 1873 

7 Jan 30,1875 

8 Feb 25, 1875 

9 July 23,1875 


Preliminaries of peace 
Abrogation of laws of exile 
Constituent powers of Assembly 
Overthrow of Thiers 
No uvil funerals 
Demand for a plebiscite 
No Wallon amendment 
No support to constitution 
No dissolution of Assembly 


547 + 107 - 

472 + 97 - 

434 + 226 - 
360 + 344 - 
413 + 261 - 
88+ 492 - 
362 + 353- 
264 + 425 - 
400 + 84- 


The political opinions of the deputies were determined in the following 
manner (X stands for abstentions) 


Vote 123456789 

Bonapartists + + + + + + + + + 

Legitimists + + + + + - + + + 

Orfeanfsts + + + + + - + - + 

Center deputies + + + + 4 -.--- + 

Conservative Republicans + + + - — — — - X 

Republicans ------- - x 

Radical Republicans - — — - — — — — — 


w Seven hundred and sixty-eight deputies were elected to the National As¬ 
sembly, but after the ratification of the preliminary peace the deputies of Alsace 
and Lorraine resigned, leaving only 736 deputies On June 1,1871, Belfort was 
given one representative On account of multiple elections and recent deaths 
only about 6B0 deputies met in Bordeaux on February 12,1871 The division into 
parties, mentioned above, is not based on the political opinions of the deputies 
elected in July, 1871, to fill the existing vacancies, but on those of the representa¬ 
tives elected in February 
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utics, the Bonapartwts 30, and the Republicans only 200, l * are too 
favorable to the conservatives, even when possible changes of opin¬ 
ion are taken into consideration* 

The political*opinions of the country are still more difficult to 
ascertain than those of the deputies No electoral statistics exist 
for this election The student has to rely for his information on 
the reports published in the Journal offictel at the time of the verifi¬ 
cation of the elections Very often, however, this source does not 
furnish the number of eligible or actual voters or even the number 
of votes obtained by each candidate When the latter ore given 
the result is frequently unreliable, since it does not include the votes 
of the army Therefore the votes of the representatives in the 
National Assembly remain the only index 

In order to determine how far these deputies truly represented 
the political tendency of their districts various methods may be 
employed The one used by most authors consists in judging the 
real political onentation of the country by means of the by-elections 
between 1871 and 1875 8ince qn most of these occasions Repub¬ 
lican candidates were elected, the National Assembly with its Mon¬ 
archist majonty is usually regarded as misrepresenting the real 
onentation of the nation 14 However, the divisions among the 
Royalists and the abstentions of many conservative voters furnish 
an explanation for these Republican majorities which, as A Lajusan 
has shown, 11 were only temporary and disappeared in such a crucial 
election as the one of 1877 

Another method of determining the political opinions of France 
in 1871 might be based on the results of the elections in 1876 and 
1877 It is true that such a method would be unfair to the Royalists 
who, dunng the intervening five to six years, had made the restora¬ 
tion of a monarchy m France impossible by their internal divisions 
and therefore stood discredited m the public eye Moreover, the 
elections of 1876 and 1877, unlike those of 1871, were based on 
the ecruttn d’arrondieecment and not on the acruhn de lists, with the 
result that Monarchists as well as Republicans failed to present 

u Sdgnobag, Gb , be DkUn de V Empire et PStaMwumtni de la Trombme 
RdpMeque (Paris, 1821), p 284, Hanotaux, op cU , p 88* 

M Seignobos, op, oil , p 284, Z6va*s, op eit , p 100, D Hallvy, La Ftn dee 
notablee (Paris, 1080), pp 42-48 

* Lajusan, A, "Lea Origins* de la Tratettme JUpublique Quelquee 6dalr- 
dasements, 1871-1876,” Rente dfkieUnre mode ms, 5 (1880) 419-428 



482 Rudolph A Wtnnacker 

candidates in many of the smaller districts where the fight seemed 
hopeless, and thus lowered their total vote for the department. 
Nevertheless, the elections of the late 'seventies furnish the only 
existing index, though a very imperfect one, to the. political orienta¬ 
tion of France after the overthrow of the Empire 

The results of the elections of 1876 and 1877, as compared with 
those of the 1871 election, indicate a division of the departments 
of France into five groups One group could be composed of those 
departments which m 1876, as well as m 1877, showed a Monarchist 
majority It seems fair to assume that these districts were deeply 
devoted to the Royalist cause in 1871, for in 1875 the conservative 
groups, greatly discouraged, put forth little effort to win the in* 
dividual contests A second class of departments might be created 
from those which m 1876 or 1877, but not at both times, showed 
a Monarchist majority Though the effort of the Due de Broglie 
to stem the Republican tide partially vitiated the election of 1877, 
these departments might well have possessed a Monarchist majority 
m 1871 in consideration of the Royalist dibaele in the following 
years A third division might be made of those districts in which 
a change of two per cent of the voters from the Republican to the 
Monarchist side would have given the latter a majority Such de¬ 
partments belong m the doubtful class, and an equal division of 
the deputies between the two opposing factions seems indicated. 
The fourth and fifth groups would include those departments which 
had a vast Republican majonty m 1876 as well as m 1877 Such 


Electoral Hjosults is 1871 


Group 

Results in 1871 

Corrected results 

Number of 
depart¬ 
ments 

Mon 

Center 

Rep 

Mon 

Rep 

1 

143 


32 

179 


24* 

2 

06 


45 

143 


16 

3 

30 

■ 

13 

26 

26 

6 

4 

76 

■ 

31 


109 

13 

5 

36 

mm 

214 


254 

aot 

Total 

389 

13 

336 

348 

389 



* Includes the Territory of Belfort 

t Includes twenty-eight French departments, Algeria, and six colonies 
counted as a unit 
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Group UL 8moB Bapribttaaa majority ta 1878 and 1877 
Gmp IV, Bopubfioaa majority It 1878 aad 1877, but tot in 1871 
Group V. BapufaUcan majority in 1871,1871, aad 1877 











483 


The French Election of 1871 

departments may be counted m the Republican column without 
hesitation In only thirteen of these forty-three departments was 
a Monarchist majority! instead of a Republican one, elected in 1871 
These districts might be separated into the fourth group to show 
in what regions of the country the Republicans were underrepre¬ 
sented in 1871 (8ee Map 40 ) 

A division of France into the five groups mentioned above gives 
the results shown in the table on page 482 

From this analysis it appears that the country was probably 
not overwhelmingly Republican in 1871, but rather equally divided 
between the opposing parties In fact, if the six doubtful depart¬ 
ments in group three were to be counted entirely in the Monarchist 
column, tho Royalists would have a majority of eleven, and the 
results would be practically identical with the outcome of the 1871 
elections Consequently, in consideration of the elections of 1876 
and 1877, the much-talked about misrepresentation of the French 
nation in the* National Assembly from 1871 to 1875 seems rather 
doubtful 

University or Michigan 



LIDDELL'S LAWS OF ENGLISH RHYTHM 


AMOS R MORRIS 

W HEN Coleridge, in 1816, published Cristabel, with a note on 
his metrical technique, he founded a school of prosody as 
distinctly opposed to the classical traditions as the romantic poetry 
was itself a movement away from those traditions What was new, 
however, was not verse practice but verse theory Poets had been 
writing for more than four hundred years in virtual conformity to 
the rules of stress as Coleridge later formulated them The inter¬ 
vening hundred and twenty years have* seen little refinement of his 
crudely conceived prosody, and teachers of English poetry go on 
still in rather scandalous ignorance of the fine shades of tone that 
make the beauties of the English phrase, whether in verse or prose 
Professor Mark Liddell is m our generation, perhaps, the leading 
champion of the Coleridge school of stress scansion It is now pos¬ 
sible, for the first tune, to make an objective test of his Laws of 
English Rhythm I present here only a partial checking of those 
laws as he published them in 1914 1 

His fundamental idea is that, because English is a stress lan¬ 
guage, the gradation of stress is the dommant factor in determining 
the nature of the rhythm in the English sentence or verse Naturally 
enough, he finds the conventional marking of two degrees of stress 
(or tune) utterly inadequate “To attempt to note,” he says, “all 
the subtle variations of an English verse by the combinations of 
the makron and the breve is like attempting to note a singing scale 
by two letters “ Instead of two degrees, he proposes a six-step 
scale Upon the basis of these six degrees of stress he formulates 
a whole senes of laws, eighty-six m all, to which he finds that words 
conform in the vanous phrasings of English speech To make the 
notation more graphic I have been accustomed to supplement his 
symbols by the use of a six-space staff This staff must not be 
confused with the musioal staff, where high and low are pitch, high 

1 Liddell, Mark H , The Lam of English Rhythm (Lafayette, Indiana, 1914) 
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and low arc here degrees of stress or, more exactly described, of 
heard loudness 



There arc, it seems to me, three important questions of fact to 
consider in an cxanunation of Professor Liddell’s position There 
is the first question of how accurate is his notation of the relative 
stress There is a second question of the relation of stress to the 
other four component physical factors, pitch, time, tempo, and tone 
color, in establishing a sense of rhythm These are primarily ques¬ 
tions of physical fact, though they involve inevitably the psycho¬ 
logical question of perception under all these varying conditions. 
Then there is a third question of “art,” in the higher sense, the 
relation of normal word stress to sense stress Speaking to this 
last point, he says “When sense-stress of a word is raised above 
its normal level wc coll the effect Emphasis Emphasis does not 
often occur m English verse Sense-stress on a polysyllabic 

word is given to its separate syllables in proportion to their word- 
stress ” That is treating a most important and difficult question 
of literary art much too cavalierly Perhaps no question of phrasing 
involves finer shades of artistry than do these turns of idiom and 
phrasal intonation by which normal word stress is modified by sense 
stress. Instead of being a thing to pass jauntily with a wave of 
the hand, it is the main question, to the solution of which all others 
are directed It is chiefly an answer to this third question that we 
seek when we investigate the simpler and more fundamental mat¬ 
ters of weight of stress and interplay of rhythm-fixing tonal factors 
But the answer to this must wait upon the answer to the other 
two 

The question of interplay of the five physical factors is an in¬ 
teresting one that can be only touched upon here It must, however, 
be kept constantly m mind that the subjective judgment of stress, 
or accent as the term is commonly used, is inevitably confused in 
considerable measure by the presence of all the other four, each com- 
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peting for attention at every moment and each m a different degree 
in every phrase When we have more data by which to evaluate 
each of these five factors we shall have to redefine what we now 
call accent or word stress m more exact terms of definite units of 
value, describing the relative stress of a word or a syllable in terms 
of its five component and concurrent elements We now have the 
technique for doing that, and the solution of this interesting problem 
waits only upon the leisure of discriminating students of literary art, 
or perhaps the discovery of such students 

That leaves for attention at the moment the simplest of the three 
questions How accurate is the subjective judgment of word stress 
and sense stress, guided by Liddell's six degrees? and the corollary 
of that. How valid arc his eighty-six laws of English rhythm? To 
even this simple question and its corollary I can offer only a partial 
answer 

The measure of stress or, more exactly, of perceived loudness, 
is rated in decibels as recorded by the phonometer or electrical ear 
This instrument is to sound what the photoelectric cell is to light, 
it is built to approximate closely the response of the ear to a com¬ 
plex tone within the frequency and energy range significant for 
speech The decibel may be defined conveniently as the minimal 
perceptible difference in loudness between two tones, checked in this 
case against a pure tone of one thousand cycles * Our galvanom¬ 
eter was designed and built to register aero at fifty decibels, and 
we place the microphone at such distance from the speaker or the 
phonograph as to keep the maximum response at about ninoty deci¬ 
bels Our measurements, then, are electrical recordings of a range 
of forty units of perceptible loudness as against six subjective judg¬ 
ments by the Liddell scale and two by the conventional dictionary 
markings 

The text materials used here are four short verse selections, a 
total of fifty syllables, electrically recorded by four readers, two 
faculty men and two undergraduates After recording the reading, 
each one, quite mdependent of it, scanned the verses by the Liddell 
scale. Stated m tabulated form the four readings and subjective 
scansions are shown in the table on page 488, m which the decibel 
reading is translated into the letter-equivalent 

* Fletcher, Harvey, and Munson, W A, Journal of Acoustical Society of 
America, 6 (1W8): 82 
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In then? four readings and four scansions, a total of four hundred 
placings of syllabic stress, we have virtual agreement except in two 
places, both coming at the end of lines and both involving the same 
type of complex tone quality In the phrase, “the broad bnght 
sun/ 1 Liddell's “laws" and his own scansion indicate that the metrical 
pattern is retained as regular iambic, aFeF All four readers give 
the four words as a phrasal unit of rising and falling cadence, both in 
tlieir subjective judgments in scanning and in their recorded read¬ 
ings In the Browning phrase, “so one fight more/* Liddell again 
scans it as regular iambic, eFeF, whereas three of my readers scan it 
as a circumflex of rising rhythm in the first foot and falling in the 
second The fourth reader (H) scans it as a regular rising rhythm, 
but as a unit of two feet on one continuous rise, dEfG It will be 
noted that he here goes beyond the scale, adding a seventh step, 
this was probably because he perceived the stress of “fight” to be 
the same as that of “fighter” and perceived “more” as necessarily 
one degree louder The three readers who scan the two feet as a 
nsing-falling circumflex read it that way The fourth subject's read¬ 
ing is about midway between his own scansion and Liddell’s, but not 
quite conforming to either His reading for the four words is 52, 60, 
58, 66, his scansion translated into decibels would be about 52, 56, 
60, 66, Liddell’s on the same scale would be about 52, 60, 52, 60 

In this connection we should note the operation of the Weber- 
Feeliner law in both the perception of metrical pattern and the 
interpretation of these data on the decibel scale Weber’s law, the 
minimal difference perceptible is a constant factor of the stimulus 
initially active , has been found to hold definitely within the limits 
of speech we are here concerned with Since our phonometer is 
built to give a logarithmic response, the rhythmic effect of a suc¬ 
cession of monosyllables at 62, 64 d b will be the same as a succes¬ 
sion at 64, 66 d b Furthermore, a foot of 52, 60 and one of 54, 80 
will both give what the ear accepts as a satisfactory succession of feet 
m regular rising rhythm This is a matter of primary importance 
to every teacher who has occasion to mention metneal pattern in the 
classroom. I (M) scanned the line from Colendge as it is written 
on the staff on page 490, I actually read it m this experiment as the 
check marks on the staff indicate, the two are in agreement met¬ 
rically and both are m agreement, according to the Weber-Fechner 
law, with Liddell's scansion, indicated on the staff by plus signs 
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It will be Been here that I scanned it with the second syllable three 
degrees lower than the first, but read it only one degree lower, in 
the next foot I scanned the second syllable three degrees higher 
than the first, but read it five higher, yet both agree with Liddell's 
scansion and all make the first foot a trochee and the second an 
iambus, that is the important thing for the rough-and-ready pur¬ 
poses of classroom teaching 

Not enough data are here given to warrant a final conclusion 
upon even this simplest of the three questions asked But if these 
findings are borne out by further determinations, the general con¬ 
clusion may be drawn that the Liddell scale of six degrees of stress 
is a sufficiently reliable method of verse notation for classroom 
purposes Where my readers fail to conform either to the conven¬ 
tional metrical pattern or to their own subjective judgments of the 
pattern, two major problems are obviously involved Both instances 
occur at the end of the line, where the cadence of line umt may 
very well dominate and cancel out the stress factor upon which 
the pattern of the foot chiefly depends In both instances, too, the 
last three syllables are heavily stressed, making the last foot ap¬ 
proximately a spondee 

Upon the basis of this evidence one would not venture far in 
judging the validity of Liddell's eighty-six laws or his pronounce¬ 
ment with reference to sense stress But it is obvious at a casual 
glance that m the body of material here presented his “laws” be¬ 
come simply fantastic In the total of two hundred syllables in¬ 
volved, the stress given conforms to his laws m fifty-six instances 
That, however, is not quite the proper application of his laws, in 
a polysyllable the laws apply only to the accented syllable Upon 
that basis of the word stress there are here one hundred and sixty 
word placements m which the reading conforms to the laws m thirty- 
eight instances Without going into intricate statistics it is rather 
clear that his laws are not valid at all for the readings considered. 

It should be noted especially that what we have been considering 
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Liddell's Laws of English Rhythm 

is the relatively crude material of verse The art of verse is, of 
course, a primitive and crude art as compared to that of prose 
A proper test of the validity of his laws should be made in the finer 
and subtler material of prose When that is done we shall probably 
find that Liddell's elaborate array of eighty-six laws is just one 
more warning against the dangers of pseudo-science and the evolv¬ 
ing of elaborate theories out of tlun air in the absence of demon¬ 
strable facts 

Univsbsity or Michigan 




PARADISE REGAINED 


WARNER G RICE 

P ARADISE REGAINED 10 generally read, and criticized, in the 
light of Paradise Lost , to which it is supposed to be a pendant 1 
To be sure, there have been objections to this view 2 And indeed 
no very great emphasis should be placed upon Thomas Ellwood's 
account of how he asked the poet, “What hast thou to say of Para¬ 
dise Found?” and of how Milton subsequently showed him his 
shorter epic with the remark, “This is owing to you, for you put it 
into my head by the question which you put to me at Chalfont ” 
But the e\ idence of the invocation seems convincing 

1 who e’re while the happy Garden sung, 

By ono mans disobedience lost, now sing 
Recover'd Paradise to all mankind, 

and the two poems obviously deal with gome of the some themes 
— temptation, for example, the conflict of truth with falseness, the 
attempt of Satan to pervert the good 

Many of those who are willing enough to agree that the later 
poem is a kind of sequel to the earlier one urge, however, that like 
most sequels it shows a decline of its author’s powers The style 
is criticized as being too bare in some places, m others overomate, 
it is asserted that there is too little action, that the long arguments 
are tiresome, that the character of Satan is fadeef, that Jesus is 
unsatisfactory, and that the whole conception is weak since, “given 
Christ's nature, the temptations are not tempting “ • 

1 All the important books which deal with Milton and his poetry include 
some discussion of Paradise Regained , the titles of the principal essays devoted 
to it are listed by David H Stevens, Reference Guide to Milton (University of 
Chicago Press, Chicago, 1990), Nos 1128-29 

1 See, for example, E M, W Tillyard’s chapter, u Paradise Regained Its 
Relation to Paradue Lost in his MiUon (New York, 1930), pp 297-301 

1 This phrase of William Vaughn Moody’s in his Introduction to Paradise 
Regained (Student’s Cambridge Edition of The Complete Poetical Works of John 
Afikon, p 250) has been frequently repeated by other critics, and in general 
Moody’s unfavorable judgments upon the poem have found a wide acceptance 
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It will bo impossible, within the limits of a short paper, to con¬ 
sider all the pomts at issue, but at the outset, to clear our vision, 
we may well bear m mind that we are likely to be prejudiced m 
approaching the subject of Paradise Regained as we are not preju¬ 
diced when we approach that of Paradise Lost Fot the story of 
the Fall of Man, with the eating of the apple and the rest, belongs 
to Christian mythology, bo that we are not disturbed when Milton 
manipulates these materials freely and with originality in order to 
make them yield a new meaning The case is different when we 
have to do with Jesus Here we find ourselves in the realm of Chris¬ 
tian truth and of Christian doctrine, not of mythology, we approach 
the Savior with reverence, and, regarding him as very god, instinc¬ 
tively resist any unfamiliar interpretation of his actions Perhaps 
our difficulties arise partly from the fact that we have been more 
deeply impressed by the mysteries which theologians insist upon than 
by the simple story narrated m the Gospels 4 At all events, we are 
somewhat repelled and puzzled by the unorthodox manner m which 
Milton handles his theme 

Remembering the first books of Paradise Lost , we are surprised 
to meet a Satan who is vastly different, certainly, from the indomi¬ 
table commander of the rebellious legions who were cast out from 
Heaven Yet this Satan is logically developed from that great Ad¬ 
versary For the poet, as he himself declares in the invocation to 
the Ninth Book of the earlier poem, has gradually worked away 
from the established conventions of the epic style, 

Not sedulous by Nature to indite 
Warns, hitherto the onely Argument 
Heroic deem’d, chief nuustne to dissect 
With long and tedious havoc fabl’d Kmghte 
In Battels feign’d, the better fortitude 
Of Patience and Heroic Martyrdom 
Unsung, 

and has focused his subject by the presentation of an intense inner 
conflict, with Satan participating as the wily seducer, the plausible 
contriver, who, having found out Adam’s weakness, and Eve’s, 
destroys them by craft, not by open assault At the crisis there 

4 It is salutary to turn, not only to the Scriptures, but also to such a book as 
T R. Glover’s The Conflict of Rehgione t n the Early Roman Empire (London, 
1009) to remind ourselves of what the historical Jesus of Nasareth actually said, 
did, and claimed for himself 
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are no battles on the glittering plains of Heaven — only contests 
of minds and wills m the Garden The great spiraling movements 
which lead up to the fourth and ninth books culminate by fixing 
attention on Man in Eden 

Paradise Regained, likewise, is designed to tell 

of doadfl 

Above Heroic, though in secret done, 

its conflicts are earned on within, its tensions are psychological 
and moral, it presents no physical encounters, but the shock of 
will against will And, accordingly, the Satan of Paradise Regained 
is no more a panoplied warrior than is the Satan of the last books 
of Paradise Lost But lie is not the less formidable or impressive 
on this account From the beginning ho realizes, and forces upon 
us the realization, that he stands in extremest jeopardy, in a danger 
for greater than that which he proudly faced from his throne m 
Pandemonium at the first council 

And now too soon for us the circling hours 
This dreaded time have compast, wherein we 
Must bide the stroak of that long threatn’d wound, 

At least if so we can, and by the head 
Broken bo not intended aU our power 
To be infring’d, our freedom and our being 
In this fair Empire won of Earth and Air, 

For this ill news I bring, the WomanB seed 
Destin’d to this, is late of woman born, (I, 57-65) 

so that there is desperate need for his trial of all possible means 

to subvert whom he suspected rais’d 
To end his Reign on Earth so long enjoy’d (I, 124-125) 

This enterprise involves first a discovery and a testing JesuB has 
become known m the world, he has been baptized* * 

I saw 

The Prophet do him reverence, on him rising 
Out of the water, Heav’n above the Clouds 
Unfold her Crystal Doras, thence on his head 
A perfect Dove descend, what e’re it meant, 

And out of Heav’n the Sov’nugn voice I heard, 

This Is my Son belov’d, in him am pleas’d 
His Mother then is mortal, but his Sire, 

He who obtains the Monarchy of Heav’n, 

And what will he not do to advance his Son? 

His firrt-begot we know, and sore have felt, 
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When his fierce thunder drove us to the deep, 

Who this is we muRt learn, for man he seems 

In all his lineaments, though in his face 

The glimpses of his Fathers glory Bhine (I, 79-03) 

And, accordingly, the whole action of the poem turns upon the Devil’s 
attempt to corrupt, and at the same time to find out the real nature 
of, Christ 

Now much of our feeling concerning the events narrated is deter¬ 
mined, necessarily, by our grasp of the conception whirh Milton 
presents of the character and being of the Savior of Man Specu¬ 
lations concerning the Son of God are set forth at length in the fifth 
chapter of De Doctnna Christiana, but into that thicket of theology 
it is not necessary to penetrate now It is enough to point out that 
from the first lines of Paradise Regained it is Jesus’ manhood, Jesus’ 
humanity, that the poet emphasizes The Almighty, foreseeing what 
the Tempter will endeavor, declares, 

He now shall know I can produce a man 

Of female (Seed, far abler to resist 

All his sollicitations, and at length 

All his vast force, and drive him back to Hell, 

Winning by Conquest what the first man lost 
By fallacy surpris'd * (I, 160-156) 

All commentators note the Ananism here, but simply to say 
that Milton subscnlies, or nearly subscribes, to a heresy is to con¬ 
fuse the issue The point is that he is getting behind the accretions 
of theological speculation and dogma, and figuring forth the Christ 
of the New Testament, the greater Man who preached and walked 
with his humble disciples in Galilee, who asserted his kinship, and 
all men’s kinship, to God, but not his Godhead, who, at last, cned 
out in agony on the Cross Milton admirably imagines him as the 
inheritor of the Jewish tradition, a man brought up m the knowledge 
and love of the Law and of the Prophets — a Prophet himself, con¬ 
scious of Messianic promptings And this chosen One has at first 
shared the prevailing belief m the function of the Messiah 

To rescue Israel from the Roman yoke, 

Then to subdue and quell o’re all the earth 
Brute violence and proud Tyrannick pow’r, 

Till truth were freed, and equity restor'd (I, 217-220) 


• The mention of Job in the verses preceding this passage and elsewhere, 
and the fact that Jesus is often in the poem brought into comparison with the 
Prophets, add to the reader's sense of his human quality 
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If ho has come at last to another view of his mission, finding it 

more humane, more heavenly first 
By winning words to conquer willing hearts, 

And make pcrswamon do the work of fear, 

it is not t Milton makes plain, without being fired by thoughts of 
domination and glory In him there ha# been an impulse toward 
self-assertion Jesus' notable victory, then, has first of all been won 
over a tendency to go boldly against the mighty in the world, to 
trust in his “calling" He has schooled himself to humility, to a 
reliance upon Divine Providence and its guidance 

And now by some strong motion I am led 
Into this wildornetw, to what intent 
I learn not yet, perhaps I need not know, 

For what concerns my knowledge God reveals (I, 290-293) 

Upon tins pivot everything really turns Satan, Bhrewdly guess¬ 
ing that if Jesus is to be attacked successfully on any side, it must 
be through an appeal to human impulses not less strong in him than 
in Adam, seeks first to entrap Christ by appearing m the guise of 
a hermit to suggest that he transform stones into bread 

But if thou be the Son of God, Command 
That out of these hard stones be made thee bread, 

So shalt thou save thy self and us relievo 

With Food, whereof we wretched seldom taste (I, 342-345) 

The request is devilishly designed It is casual, as though the 
matter were no great one, and it is abrupt, it seems charitable, 
it glances at the Savior’s human need, for he really is hungry, 
but it involves great things If Jesus undertakes to perform the 
miracle, he will at once have arrogated to himself extraordinary 
power, he will also have tacitly called in question Heaven's inten¬ 
tions toward himself — m both particulars satisfying lus tempter 
But Jesus is not to be surprised into doubt 

Think'st thou such force in Bread? is it not written 
(For I discern thee other than thou seem’st) 

Man lives not by Bread only, but each Word 
Proceeding from the mouth of God, who fed 
Our Fathers here with Manna, in the Mount 
Mou* was forty days, nor eat nor drank, 

And forty days Sltah without food 
Wandred this barren waste, the same 1 now. 

Why dost thou then suggest to mo distrust, 

Knowing who I am, as I know who thou art? (1,347-356) 
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Thus unmasked and rebuffed, Satan is still persistent He at 
once returns to the assault His long speeches, beginning with 

Tib true, I am that Spirit unfortunate , 

are not designed merely for self-revelation, nor are they intended 
chiefly to arouse Jesus’ sympathies Their real aim, half apparent 
throughout, emerges clearly at the end* 

Thy Father, who is holy, wise and pure, 

Suffers the Hypocrite or Atheous Priest 
To tread his Sacred Courts, and minister 
About his Altar, handling holy things, 

Praying or vowing, and vouchsaf'd his voice 

To Balaam Reprobate, a Prophet yet 

Inspir'd, disdain not such access to me (I, 486-492) 

And once more Jesus answers with perfect humility, 

Thy coming hither, though I know thy scope, 

I bid not or forbid, do as thou find'at 

Permission from above, thou canst not more (I, 494-496) 

The pattern thus established is worked out fully m the later 
books of the poem The Messiah, still hungering, wondering what 
his long fast portends, but still trusting in God, dreams 
as appetite is wont to dream. 

Of meats and drinks, Natures refreshment sweet, (II, 264-266) 

and waking, is again approached by the Tempter, who reminds him 
that 

Others of some note 

As story tells, have trod this Wilderness, 

The Fugitive Bond-woman with her Bon 

Out cast Nebaurth, yet found he relief 

By a providing Angel, all the race 

Of Jtrael here had famish'd, had not God 

Rain'd from Heaven Manna, and that Prophet bold 

Native of Thebe* wandring here was fed 

Twice by a voice inviting him to eat 

Of thee these forty days none hath regard, 

Forty and more deserted here Indeed (II, 306-816) 

It is proper enough to see in this invitation, as many critics have 
done, an appeal to Jesus* sense of brilliance and luxury, as well as 
to his strong desire for food; and Lamb was partly right in regarding 
his refusal as a triumph of temperance But there is more here — 
a modesty and a reverent caution which will not admit the assump¬ 
tion implied in Satan's flattering questions, 
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What doubts the Son of Ood to sit and eat? 

What doubt’st thou Son of God? sit down and eat 

Tho indirectness of Christ's answers must not be taken, then, 
as indicating a wish to torment and exasperate Satan, though his 
words certainly have this effect the point is that under the cir¬ 
cumstances assertion would be unfitting, irony must suffice 

Said’st thou not that to all things I had nght? 

And who withholds my pow’r that nght to use? 

Shall I receive by gift what of my own, 

When and where likeB me best, 1 can command? 

I can at will, doubt not, assoon as thou, 

Command affable in this Wilderness, 

And call swift flights of Angels lmnistrant 
Array'd m Glory on my cup to attend 

Why shouldat thou then obtrude this diligence ? (II, 370-387) 

Still the Adversary continues — offers riches, fame, and finally 
glory, reminding the Son that glory is not disdained by the Father 
himself It is a subtle sluft, and the more dramatic because Satan, 
not the least of the angels, has fallen into irretrievable rum precisely 
because he could not resist his desire to rival the Almighty in glory * 
But Jesus is steadfast, not to be betrayed, though he is greatly 
moved as he "fervently ” replies to Satan’s insistence upon God’s de¬ 
light in glory, 

And reason, since his word all things produc'd, 

Though chiefly not for glory as prime end, 

But to shew forth his goodness, and Impart 
His good communicable to every soul 
Freely, of whom what could he less expect, 

Then glory and benediction, that is thanks ? 

But why should man seek glory? who of his own 

Hath nothing, and to whom nothing belongs 

But condemnation, ignominy, and shame? v 

Yet, sacrilegious, to himself would take 

That which to God alone of nght belongs (III, 122-141) 


• Charles Williams, in his stimulating essay on Milton m The Engluh Poette 
Mind (Oxford, 1932), pp 122-123, puts the point well 

"Omnipotence is engaged upon something to which Satan is with his whole 
nature antagonistic Reason bids him submit — God and Raphael both point 
this out even after his fall from Heaven he considers the possibility To do 
that, however, would be precisely to lose kinuety, he would be something other 
than he is. He must act from what he Is, and he expresses this in a minor con¬ 
tradiction When he is addressing his followers he points out that none of them 
will envy him his throne, no one will want ‘the greatest share of endless pain' 
Reasonable enough, true enough; only it Is precisely this which he himself must 
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Though it ih grandly elaborated, the promise of a kingdom seems 
something of an anticlimax after this But we must not forget the 
power of the Messianic dream, of which the poet seeks to remind 
us by the opening passage in Book II, or of Jesus 1 youthful accept¬ 
ance of the idea of conquest and domination over the princes of 
the earth His lengthy replies to Satan are, then, more than dis¬ 
plays of rhetoric, and they show more than the power of reason to 
discover falseness They are out]K>unngs of thoughts long revolved 
and treasured up, Christ’s assurances to himself that his rejection 
of violent measures and his decision to 11 make perswasion do the 
work of fear” are just In a sense they ser\c the purpose of so¬ 
liloquies And again the conclusion is that God’s will must be done 
Not even to rescue the Chosen People can Jesus be tempted to think 
of accepting the proffered aid 

no, let them serve 
Thir enemies, who serve Idols with God 
Yet he at length, time to himself best known, 

Remem bring Abraham by some wond'rous rail 
May bring them bank repentant and sinecre, 

And at their pussing c leave the Assyrian flood, 

While to their native land with joy they hast, 

As the Red Sea and Jordan once he (left, 

When to the promis'd land thir Fathers pass'd, 

To his due time and providence 1 leave them 7 (111, 431 440) 

The prospect of the glories of Greece, reserved until the end, 
closes up this series of trials, and it is the greatest of them all That 
Milton should review the* intellectual achievements of the mighty 
ancients only to reject them has seemed shocking to many, the 
violence* of his renunciation has been thought to declare the strength 
of the claim of those Hecuiar studies which so long delighted and 
supported him But it is equally proper to apply this interpreta¬ 
tion to the protagonist of Milton’s poem, to Jesus It is accordant 
with the character here given him that the powerful appeal of human 
wisdom, of human philosophy, should call out a determined denial* 

demand * Better to reign in Hell than serve in Heaven 9 This contradiction is 
not deliberate deceit, it is the irrational strength of his nature Milton 

stresses the moral choice in the contradiction, the choice which so many men 
have made, the preference for the existence of their own wdl as the final and 
absolute thmg as against the knowledge (whatever that may be) of some ‘great 
commanded Good 

Williams' excellent comments on Paradise Regained appear on pages 135-143 
of his book, 7 Cf III, 182-107 
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Alas what oan they teach, and not mislead, 

Ignorant of themselves, of God much more, 

And ho* the world began, and how man fell 
Degraded by himself, on grace depending? 

Muth of the Soul they talk, but all awne, 

And in themselves seek vertue, and to themselves 
All glory Arrogate, to God give none “ (IV, 309-315) 

So we are brought to the final rlimax Satan has gained no 
satisfaction, has won no victory, has found no answer to Ins ques¬ 
tion Frustrated, “swoln with rage,” he cries out that he has dis¬ 
covered in Jesus no more than human constancy, 

And opportunity I hi ro have had 

To try thee, sift thee, and confess have found thee 

Proof against all temptation as a rwk 

Of Adamant, and as a Center, firm 

Tf> the utmost of nicer man both * ise and good, 

Not more, for Honours, Riches, Kingdoms, Glory 
Have been before contemn’d, and may agen 
Therefore to know w liat more thou art then man. 

Worth naming Hon of God by voic< from Heav'n, 

Another imthod 1 must now begin (IV, 530 540) 

And this “method,” mdml, seems certain to yield decisive results 
He sets ChriNt ujion the pmuai lc of the Temple, challenging in scorn 

There stand, if thou wilt stand, to stand upright 

Will ask thee skill, I to thy Fathers house 

Have brought thee, and highest plac’t, highest is best, 

Now shew thy Progeny, if not to stand, 

Ca*t thy self down, safely if Son of God 

For it is written, He will give command 

Concerning thee to his Angels, in their hands 

They shall up lift thee, lest at any time 

Thou chaiiLe to dash thy foot against a stone (IV, 651 559) 

Jesus' dilemma seems now desperate indeed, but once more the 
answer comes, confident, calm, crushing in its reproof It is the 
answer of Samson “All the contest is now 'twixt God and Dagon ” 
In his moment of apparent peril he does not yield one whit His 
trust is in the Almighty, in the Divine Providence which may dispose 
of him as it will for the accomplishment of its hidden purposes 
He replies’, 

1 Milton would have man’s reason guide him in accordance with God’s law 
in obedience Metaphysical speculation, the pride of the mind, he distrusts 
The fallen angels “found no end, in wandring mazes lost” (P L, II, 557-509) 
and the Angel warns Adam to be “lowhe wiBe ” 
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Also it is written, 

Tempt not the Lord thy God, he said and stood 
But Satan smitten with amazement fell (IV, 560-562) 

Thus by humility, by constant faith, the contest is decided• 
Now can Chnst be borne to Heaven, now declared “True Image 
of the Father,” and assured that 

A fairer Paradise is founded now 

For Adam and his chosen Sons, whom thou 

A Saviour art come down to reinstall (IV, 613-615) 

And thus is sung 

Recover'd Paradise to all mankind, 

By one mans firm obedience fully tn'd 

When we reflect upon it, we can scarcely think it surprising that 
the “second Adam” should thus illustrate the lesson which the first 
Adam learned as a result of the fall, namely, 

that to obey is best, 

And love with fearo the onely God, to walk 
Ah in hit* presence, ever to observe 

His providence, and on him sole depend (PL, XII, 561-564) 

And it is surely fitting that a Christian poem should stress this 
idea, for man, after his rum, can no longer trust to unobscured 
reason, but must depend upon God’s grace to set him on even ground 
against his mortal foe, and so is bound to acknowledge a double 
debt Milton learned to subdue his own assertiveness, its power 
in his nature marks the extent of his victory His pnde at last 
comes to be the pnde of God’s servant, the pnde of one who, recog¬ 
nizing his true place, can say 

They also serve who only stand and waite 

It is this aspect of the poet’s achievement which Landor has 
expressed in his fine lines on “Shakespeare and Milton”. 

The tongue of England, that which myriads 
Have spoken and will speak, were paralysed 
Hereafter, but two mighty men stand forth 


’ This interpretation of the significance of Christ's answer does not agree 
with the usual view, see Dowden's essay on Paradise Regained, in Milton Memorial 
Lectures, 1908 (London, 1909), pp 209-210 Yet this interpretation seems to me 
to be fully in accord with the central meaning of the poem 
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Above the flight of ages, two alone, 

One crying out, 

All nations spoke thro* me 

The other 

True, and thro’ this trumpet burst 
God’s word, the fall of Angels, and the doom 
First of immortal, then of mortal, Man 
Glory I be glory! not to me, to God 

University op Michigan 




THE NATURE OF THE QUESTION, “ARE 
THERE THREE CONSECUTIVE 7’S 
IN THE EXPANSION OF 77?” 

AMCE L AMBROSE 

1 WISH to consider certain expressions of a mathematical kind, 
with a view to analyzing these and the mathematical questions 
they seem to answer Though 1 shall discuss only a few specific 
assertions about the deeimal expansion of 7r, comments on the ques¬ 
tions they would, upon proof, be answers to, hold good for other 
mathematical questions, and will serve to make a general distinction 
between mathematical and empirical questions What I shall have 
to say is due in large part to suggestions made in lectures on this and 
related topics by Dr L Wittgenstein (1935) at Cambridge Uni¬ 
versity But I make no attempt and no claim to expound his views 
I wish to suggest that certain expressions in mathematics having 
the appearance of questions are in linixirtant respects not questions 
at all, or at least that they arc not questions m the ordinary sense 
Let us consider 

(o) There are three 7's at the nth, n + 1st, « + 2nd places in 
the decimal development of ir 

(b) There are three 7's at the 800th, 801st, 802nd places m the 
decimal development of tt 

• 

In what sense these are answers to questions will appear in the 
analysis of the questions they seem to answer And at the same time, 
in what sense expressions for these questions do set questions will 
appear in the analysis of the relations of seeming answers to them 
Expression (a) would seem to answer the question, "Are there three 
consecutive 7's m the decimal development of tt?" But unless (a) 
is like "There is always a prime greater than any given prime,” 
which answers the question, "Is there a prime greater than a given 
prune?” and the proof of winch at the same tune provides the answer 
to “What is a prime greater than the given prune n?” then the 

505 



506 


Alice L Ambrose 


expression (a), “There are three 7*e in w, " seems to answer one 
question and to set one which it cannot answer, namely, “At what 
places arc there three consecutive 7’s m it?" The latter question 
would be answered by some such proposition as (6), for proof of 

(a) , that there are three 7's at the nth, n + 1st, n 4* 2nd places, 
obviously fails just in making the specification of n required 

Now, as is well known, neither (a) nor any proposition such as 

(b) is the result of any set of propositions or of calculations which 
could be said to prove them This is one sense m which I mean 
to hold that they arc not answers to the questions, “Are there three 
7's?" and “At what places are there three 7's?" To say that they 
are answers because they would bo termed so were they the result 
of proof is to state an unclarity For we have no idea what the 
supposition, “were they the result of proof/' is like in advance of 
producing the proof Now to say that (a), “There are three 7's 
at the nth, n 4 1st, n + 2nd places in tt,” is in the sense given above 
not an answer to the question, “Are there three consecutive 7's m 
tt?” will involve holding that in some sense the latter expression is 
not a question This sense is specified in saying that we cannot see 
in advance of proof either that (a) or that (a)*B formal negative an¬ 
swers this question, that is, to see that one or the other is an answer 
would be to see how it is It is peculiar to call an expression a 
question if one does not know what either the negative or the af¬ 
firmative answer would be like in advance of finding that answer 
In contrast to the expression, “Are there three 7's in ir?" stands 
the genume question, “Are there political prisoners m the Salsburg 
Festung?" Here, before the answer is given, one knows what either 
possible answer is like — one knows what one would call an answer 

Now one might say that one knows what an affirmative answer 
to “Are there three 7's?" would be like, since one knows exactly 
what the appearance of three 7's in an expansion looks like Granting 
that one does not know what an answer would be like which would 
result from a proof not specifying the position of the three 7 'b, one 
still holds that one knows what an affirmative answer would be like 
in knowing what is meant by “the appearance of three 7's " But 
knowing what is meant by this is knowing merely what it is to write 
down three 7's by some calculation or other. To write down three 
7’s is, of course, by no means to write down the result of the calcula¬ 
tion of w (say the expansion of the function 4 (arctan } + arotan $)) 
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To write down the result of the calculation I take to be knowing 
what it is like for an affirmative answer to be given To know what 
it is for three 7’s to appear as the result m the course of expansion 
would be equivalent to knowing the answer to the question, “At 
what places arc there three 7's?” And this question is constructable 
only after the answer is given That is, an answer m the sense of 
a result of calculation, which might read, “Between these steps of 
the expansion three 7's occur,” would need to be given before the 
question, “At what places 7” could be asked For “At what 
places 7” if it is a question to which we know what an answer 
would be like, is of the form, “At what places between these steps 
of the expansion?” not “At what places between these steps or 
these steps or these (ad inf )?” And with the spe< lfication of 

“these steps” one has either specified or made possible the specifica¬ 
tion of the position of the three 7’s A question which cannot be 
asked until an answer is produced is hardly to be called a question 
— and obviously need not be asked after an answer is given To 
put this question, “At what places 7” before the answer is 
given is to presuppose an affirmative answer without knowing what 
such an answer would be like To know what an answer would be 
like seemingly is prerequisite if the expression is to express a question 
But so soon as one knows what an answer would be like, one knows 
the answer, whereupon to put the question is pointless This puzzling 
situation exists because we are unclear what it is to presuppose an 
affirmative answer when we have no method for deciding whether 
the three 7's are at certain places and not at the rest In large part, 
we are unclear because we are at the same time asking whether there 
is the question, “At what places 7” We cannot ask the ques¬ 
tion, “At what places 7” so long as we are questidning whether 
there is an answer to the prior question, “ Are there three 7's . 7 ” 

But even though we had a proof of which “There are three 7's ” 

was the result yet which did not specify the position of the three 
7'b, w the peculiar sense described above, there still is no question , 
“At what places . 7” 1 

1 It might be held that pussies about the question, “Are there three 7's w 
the expansion of irf” are gratuitously mated by the use of the phrase, “the 
expansion of*” The latter suggests that there is an expansion of infinite extent 
which is there, but which one cannot run through in order to deoide the question 
This is, I believe, not the case. There is always a finite number of expansions 
rather than an expansion However, pussies still persist, even though one re- 
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Let us examine further the presupposition of the question, “At 
what places ?”, namely, that there are three 7's It is a con¬ 
vention that “At the 800th, 801st, 802nd places there are three 7’fl 
m it” (which, “were it the result” of a calculation, would be an 
answer to “At what places ?”) entails “There are three 7's in 
t” (which, “weie it, the result” of a proof, would be an answer to 
“Are there three 7's ?”) The two “questions,” "Are there 

three 7's ?” and “At what places are there three 7's 

obviously are not equivalent, since the one makes the presupposi¬ 
tion that there are three 7's and the other does not The question 
which “There are three 7's in seems to answer is like the ques¬ 
tion, “Do there exist an z, a y y and a z % and an n > 2 such that 
z B -f y* *=» As has been pointed out, we cannot Hay in advance 

of answering Much questions what sort, of answer would have to be 
given in order to be accepted as an answer For we cannot picture 
the complex of propositions of which “There are three 7’s ” 

is the result That is, we do not know what an answer would be like 
On the other hand, we do in some sense know what it would be like 
for some such proposition as, “At the 800th, 801st, 802nd places 
there are three 7's ” to be an answer to “Are there three 

7's ?” We know it m the sense* that “to be an answer” is 

to report the result of a spec lfic c alculation which we take as giving 
the expansion of ir, say, the expansion of the function 4 (arclan J 
+ arctan J) Knowing a method , then, for giving an affirmative 
answer is knowing in one sense (1) what would be accepted as an 
affirmative answer On the other hand, as has already been pointed 
out, knowing what an affirmative answer is, m another sense (2) is 
knowing what the answer is To know what an affirmative answer 
is like in the first sense is to know a method for •proving one of a dis¬ 
junction which is m fact endless, it* for proving either “At the 
800th, 801st, 802nd places ” or “At the 855th, 856th, 857th 
places ” or And, m the second sense, it is to know 

what it is like to prove one* of a finite disjunction by tlus method 
Because it is logically impossible for an mfinite disjunction to be 
written, knowing what an answer to “Are there three 7's 7” 

is like in the first sense means knowing a method for giving an 
affirmative answer, but not for giving a negative one One might 


formulates the question us “Are there at the nth, n + 1st, n + 2nd expansions 
three 7's?” 
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describe the two senses in which one knows what an affirmative 
answer such as, “At the 800th places then* are three 7’s,” 
is like by Baying that two different questions are answered To 
know a method for giving an affirmative answer only is to know 
what an answer is like to the question, “Are there three 7's 
whereas to know what it is like to prove one of a finite disjunction 
by this method is to know what the answer is like to the question, 
“Are there three 7's or nott” Here 1 uho the alternative p or not-p 
in any situation where the same test serves to give both affirmative 
and negative answers -eg in the situation where one asks whether 
there are three 7’s at the 800th, 801st, 802nd places In the situa¬ 
tion where one asks whether there are three 7’s at aom< places, were 
this question to be put as “p or not-p!” what the “not-p” would 
Ik; like ih utterly unknown except m the sense* that the method for 
giving an affirmative answer to “p or not-p*” is by convention a 
method for proving “not-not-p ” We have here no alternative m 
which we know what each possibility is like, and, granting that m 
one sense* we know what the possibility p is like, we do not know in 
at all the same sense what the possibility ruti-p is like Thus the 
sense* in which “At the 800th, 801st, 802nd places there* are three 
7 V* is an answer to “Are there three 7W” is the sense in which we 
have a method allowing us to say that three 7’s exist, but not whether 
or not three 7's exist For the method is not a method for detci- 
mmmg that they do not 

It is well known that there is no geneial method which serves 
both to prove whether there are and whether there' are not three 7’s 
in ir Nor do there exist two methods, one for proving an affirmative* 
answer if that answer ir to be given, and one for proving a negative 
answer if that answer is to be given I wish to say that, as the 
word “question” is ordinarily used, a question about existence would 
seem to be, “Are there or are there not*'” and an answer therefore 
would show whether there are or not The question, “Are there 
three 7's 7” is not the question, “Are there or arc there not?” 

if we mean by the latter a question for w r hieh we know what both 
alternants would be like through knowing what answers to them 
would be like The only answer for w'hich w'e know at all what it 
is like, through knowing a method for proving one of on endless 
disjunction, is affirmative As already ixuntod out, we do not in 
one sense know what a method for proving one of an endless dis- 
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junction is like, and the answer which ib the formal negative of this 
and which would answer the other question of the alternative, we 
do not know m any sense Thus in the sense m which we cannot 
ask the question “whether or not 9 ”, “Are there three 7 , s?” is not 
a question For purposes of comparison let us consider genuine 
questions for which there is a method providing either a negative 
or an affirmative answer, and which therefore are questions “whether 
or not?” Let us consider “What is the area A under the curve 
y ~ x* lietween x » 1 and x - 3?” which is answered by integrating 
between the limits This method one knows in advance will give 
the answer to this question and to any such question as, “Is the 
area A equal to 27 or not?” Similar comments may be made on 
the questions, “Is the product 23 X 26 equal to 598 or not?” “Are 
there three 7's at the 800th, 801st, 802nd places or not?” And 
empirical questions such as, “Are there prisoners in the Salzburg 
Festung?” are similar to these in that “There arc not” can con¬ 
ceivably be verified by the same method as “There are ” 

By this, however, I do not mean to suggest that a proposition 
m mathematics which is shown to be an answer to a question by a 
general method of proof which would serve to show its formal nega¬ 
tive to be an answer in the same sense is precisely like an empirical 
proposition Nor will, therefore, a mathematical and an empirical 
question be alike I wish here to discuss an important difference 
In this paper I have treated “answers” to mathematical questions 
as results of proofs, or reports on results of calculations, as the case 
may be. For purposes of comparison, then, I shall look at empirical 
propositions in terms of a possible proof Let us examine, first, the 
phrases, “proof that p is the case” and “proof whether or not p is 
the case ” Note that to a question such as, “Doesy^afldx - 27 or 

i 

not?” the answer could not be otherwise than what the calculation 
showB, for one of the alternants of “whether or not” is impossible 
If the answer in this case is 27, we cannot imagine what it would be 
like for it not to be, and if it is not 27 we cannot imagine its being 
this For to do so would be to imagine a calculation specifically dif¬ 
ferent from integration, by which A - 27 is the result. And imag¬ 
ining a different calculation, like imagining a poem, is equivalent to 
creating the calculation, and the poem, whereas mut ginmg the proof 
of an empirical proposition is not equivalent to having earned it out. 
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The phrase “proof that p” m mathematics — at least in number 
theory — has no significant opposite Proof that p could not be 
otherwise and be called proof Actually, there is no proof that p 
is true m the sense of “proof that p is true and not otherwise’ 1 if 
the phrase, “and not otherwise,” is supposed to indicate a possible 
alternative. For p could not be otherwise This distinguishes the 
usages of the phrase “proof that” in connection with empirical propo¬ 
sitions and propositions of number theory With an empirical propo¬ 
sition such as, “There are prisoners in the Salzburg Festung,” the 
sense in which we prove that it is true is very different We have 
a picture of what it is to prove that prisoners are lying m the Festung 
m the sense of proving that this is true and not otherwise For it 
could be otherwise And the sense of “proof whether there are 
prisoners ” also differs from “proof whether there are three 7’s 
in «■” and from “proof whether a given geometrical theorem is true,” 
vis, it is conceivable that the same test would in the first case give 
either an affirmative or a negative answer, while in the other two 
cases an affirmative answer would be an answer by virtue of one bit 
of mathematics, and a negative answer an answer by virtue of an 
entirely other bit That is, each would be an answer by virtue of 
different types of proof 

But now I wish to say that, if the word “question” as ordinarily 
used in the phrase, “questions about existence,” means “Are there 
or are there not?” and, therefore, if the answer shows whether there 
are, then even though a question in number theory asks whether 
there are, it is by contrast with an empirical question not a ques¬ 
tion I have already pointed out that in a question such as, “Are 
there three 7’s at the 800th, 801st, 802nd places or not?” one of 
the alternants is impossible In consequence, just*as (pv^p) v 
(p. ~ p), which is taken in the Pnnctpia Mathematics of Whitehead 
and Russell as a special case of pv ~p, is m some sense not a 
proper alternative, since one of the terms is no possibility, so is it 
with the mathematical alternative above, where one of the alternants 
is no possibility Perhaps I have succeeded in doing no more here 
than saying that “question” and “answer,” “proof that p” and 
“proof whether or not p” are used m very different senses, according 
as mathematical propositions of the kind given above or empirical 
propositions are concerned. It is, in fact, to say something about 
what we mean by certain mathematical propositions being analytic 
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to point out that though an empirical proposition, say, that there 
are prisoners in the Fcstung, is proved true, it nevertheless makes 
sense to say it is not true, whereas with eertain mathematical propo¬ 
sitions this is not the case What 1 have aimed at doing here is 
to show the variations m sense of phrases used about such mathe¬ 
matical propositions as these, which variations are c onsequences of 
“these propositions are analytic ” 

Before leaving this discussion of mathematical questions, I wish 
to note that there is a sense in whit h either alternant of “Does f x*dz 

i 

* 27 or not*” may sensibly be supposed to be the case the sense 
in which it is being asked whether a mistake in calculation has been 

made Thus, it is meaningful to suppose f &dx -= 27 (which is 

i 

erroneous) in contrast to supposing / x % dx - cue* + 2 bx -f c Here, 

i 

again, it is interesting to compare what a mistake m stating a mathe¬ 
matical equality and in verifying an empirical hypothesis is A 
mistake made in verifying the hypothesis that there are prisoners 
in the Festung might consist in failing to see figures huddled in 
corners or in not weighing accurately other evidence On the other 
hand, a mistake made in answering a mathematical question by 
doing a (alculation for which the rules are known consists m writing 
down figures not in conformity with those rules (e g multiplication, 
exponentiation, integration) Since one has not set up rules for a 
different calculation, one is m a sense doing no calculation For 
one is writing down figures according to no rule 

It is certainly true that most of the important “questions” asked 
in mathematics are not questions about errors in calculation, nor 
are they like “Are there three 7’s at the 800th, 801st, 802nd places 
or not?” But, rather, they are such that the answer will be the 
result of a proof which has yet to be produced And, in general, 
such a proof does not serve to give an affirmative answer in the 
same sense as it would give a negative answer (i e most questions 
are not to be answered by propositions the range of whose field of 
reference is finite) Of these we do not know m advance what we 
should accept as an answer, whether that answer be affirmative or 
negative And in this sense they differ from what wc ordinarily 
call questions, or, as I have put it, m this sense they are not ques¬ 
tions. I do not wish to say that they are not w any sense questions. 
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They obviously are But I do wish to hold that any expression of 
the form, “Can one prove p?” which one sets oneself about a mathe¬ 
matical p, is not to be analyzed as a question about one’s abilities 
to answer it It is a question about what the postulates and the 
definitions imply It does present a challenge to one’s abilities be¬ 
cause one understands the meaning of the termR in p and because 
one understands combinations of terms similar to p But one has 
no idea what it would bo to exhibit just the combination of terms 
p as the result of a proof, any more than one has an idea what it 
would be to produce the number 5 at the fifth decimal place in t 
if one had no method for calculating In such a ease there is no answer 
until what we would call an answei is produced, and no question 
before there is an answer 

In this paper I have tried to specify how certain mathematical 
questions differ from ordinary questions I think it might be even 
more difficult to specify precisely the sense in which questions in 
mathematics are questions 

UNIVERSITY OF MICHIGAN 




THE NEUROTIC MURDERER* 

LOWELL 8 SELLING 


A BNORMAL psychology is interested in atypical behavior of 
l all sorts. Of all the varieties of unusual behavior that ono 
can enumerate, murder is possibly the most interesting and, un¬ 
fortunately for science, but perhaps more fortunately for the com¬ 
mon citizen, one of the moat inaccessible for study 

There are definite limitations to study of the murderer These 
are limitations of technique and of material, as well as of a social 
and legal nature The courts and the prisons do not take favorably 
to investigations made by persons not directly connected with the 
problem involved, court attaches as well as prison guards are given 
a better opportunity to study the offenders’ make-ups and to gen¬ 
eralize about them than is the trained student of personality Before 
tnal only the promise of assistance by the investigator can loosen 
the tongue of the accused, and this no researcher can honestly 
promise, after tnal, the offender can see no reason to tell his story 
to an outsider 

In the scientific obscurity which envelops the motivation and type 
psychology of the murderer, there is noted an even deeper shadow 
Here unnamed and unanalyzed forces and conditions are interwoven 
to form a problem complex which needs exploration and excavation 
Here is the problem of the interrelation between neurosis, psycho- 
neurosis, and murder. 

The writer is using the term “neurotic" as synonymous with 
“peychoneurotio” to mean "diseased with a functional mental dis¬ 
order not severe enough to be a psychosis, but sufficiently grave to 
cause discomfort and to cause awareness of certain definite symptoms 
or signs." 

Theoretical explanations serve to complicate the matter. Pro¬ 
ponents of the simple escape, the Adlerian, the individual psycho¬ 
logical, and the IVeudian approaches have all presented logical 

* From the P ry thopatk t e CUme if tte RtconUr’i Court, Berm P, No 3 
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interpretations of rases studied Each theory tends to explain m 
part the mental mechanism involved in the act of murder but all 
can be criticised for failure to adhere to the specific definition given 
above With theories of the neuroses, all contribute, none satisfy 
But the problem of the neurotic murder is a practical one and 
must be solved for courts and for society It is not vast In Detroit, 
where there arc about sixty homicides of all sorts each year, the 
neurotic murderer is noted m fewer than five cases, in fact, there 
seem to have been whole years during the history of our clime when 
the diagnosis was not made in even one case 

Because of the paucity of material, a comprehensive classifica¬ 
tion of the neurotic murderer is not possible, but the writer in making 
this, necessarily only a preliminary, study, has attempted to out¬ 
line and illustrate the possibilities of neurotic mechanisms entering 
mto the partw ular crime situation of homicide 

The first type is the basically neurotic individual who commits 
murder and whose crime is symptomatic of his diseased mind He 
may kill to escape from some mental persecution He may kill 
some person to whom he feels inferior, thus compensating On the 
other hand, as the Freudian school points out, there may be an 
identification situation where, for example, the victim is identified 
with the hated father 

The second kind of neurotic murderer is the individual who is 
not neurotic before the immediate circumstances surrounding the 
crime occurred, but who, when committing it, or shortly after its 
commission, passes mto an escape situation, losing his memory or 
even his mind as a whole Perhaps exaggerated forms of this re¬ 
action are the so-called Ganger's syndrome, or under some condi¬ 
tions the poorly characterized mental-disease entity, the prison 
psychosis I do not, of course, include here the deliberate ma¬ 
lingerer whose symptoms are chosen deliberately and carefully, al¬ 
though I must admit that there is an unquestioned element of the 
psychoneurotic in any person who attempts to escape from trouble by 
the deliberate pretense of disease This I have discussed elsewhere 1 
To illustrate the classification given above I have selected a few 
cases, more or less at random, intended to show the problem as it 
presents itself to the criminological psychologist 

Case No 1 is that of a man who was referred to the Recorder's 
« 

1 Selling, L, S, DtagnaHc Cnmmdogy , p 189 
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Court Psychopathic Clinic in its early days (before the writer was 
connected with it), having been found guilty of murder in the second 
degree He had killed his second wife His past history indicated 
that he was never entirely satisfactorily adjusted His father drank 
heavily and whipped him frequently Our patient admitted that 
he had always lived with his mother, and when she was dying of 
cancer, he married a girl, his first wife, with whom he had been 
going for some time, m order to have a home in the event of his 
mother’s death He later was divorced At the time of his examina¬ 
tion he had no idea where his daughter by this marriage was His 
mother died shortly after his marriage and the patient stated that 
he was affected bo greatly by his mother’s death that he could not 
attend the funeral This is a very significant neurotic manifesta¬ 
tion which could be interpreted as being an escape mechanism which 
would permit the patient to assume that the beloved mother was 
still alive It is obvious here, too, that the first wife was a mother 
substitute, more frankly adopted than is usually the case 

The patient’s whole history at the time that his wife left him is 
full of holes He would remember, for instance, that he had a 
responsible job, but could not tell how much he had earned He 
could, nevertheless, recall such usually forgotten facts as the em¬ 
ployer’s name and his fraternal affiliations He rationalises by saying 
that he was worrying at that time about hw wife 

Several years later he came to Detroit and commenced living 
with a woman No amount of urging could squeeze from him signif¬ 
icant facts about this common-law relationship and his later forced 
marriage He claimed that his mind was a blank for the year and 
a half preceding his trial, the penod in which the murder was com¬ 
mitted There were no significant physical ailments 

The psychiatric examination indicated no blocking of the stream 
of thought, no conscious feelings of guilt, no delusional life He 
seemed to be matter-of-fact about the situation and stated that his 
conscience was dear, for he did not remember the details of the 
crime In the few cases of this type which I have seen this typical 
psychoneurotic escape mechanism does appear frequently 

Another and more recent case (Case No 2) will serve to illus¬ 
trate the mechanism in an even more satisfactory manner The pa¬ 
tient was a white woman, thirty-two years of age Her case turned 
out to be most difficult For instance, she showed no signs of a con- 
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ventional psychosis when seen. It was then found that the mrcum- 
stances of the crime were as follows. One evening after being away a 
good part of the day the patient took her crippled child into the base¬ 
ment and shot him and herself The child died, but she was taken 
to the hospital, where after a period of treatment she recovered 
In studying her case it was found that she had worried about 
the physical condition of the child for some tune and bad developed 
the psychoneurotic idea that the child could never be cured Yet 
we learned from the attending physician that the mother had been 
told that there was a reasonable possibility of much improvement 
She ignored this information m an obsessive maimer and reacted 
as described above Her basic endowment was found to be unstable, 
for after the crane she went into a depression because, as she said, 
she missed her child and not because she committed the crime On 
one occasion she showed definite signs of mental disintegration, for 
she admitted that the dead child returned to her in her cell and 
sat in her lap She insisted on the reality of this hallucination 
during one interview, but later claimed that it was only imagination. 

Further investigation showed that at the time of her hospital 
treatment after shooting herself, she was, as one psychiatrist said, 
“a very sick woman,” but he would not call her insane. All those 
who had contact with her at that time insisted that die acted queerly, 
could recognise no one, and forgot even the prosecutor from one 
day to the next — an unusual type of behavior 

In addition, she had a familial weakness, evidenced by her 
mother’s instability and a suicide by a sister some years before 
One definite psychoneurotic feature which is highly significant was 
her expression of a feeling of relief after the crime, indicating an 
expletive mechanism of some kind. Her crime and attempted suicide 
were, in part, a result of the cumulated pressure of her problems and, 
in part, a result of a pattern for escape of which she had been made 
aware by the sister’s suicide She was, therefore, more of a psycho¬ 
neurotic than a psychotic, but under the law which has bean quoted 
earlier, she could, by intelligent reasoning, be considered legally in¬ 
sane, for she was compelled by circumstances resulting from mental 
ill health to commit this crime. We might note a definite omptiiwl 
instability. Toward the end of the examination and observation 
period she showed reasoning and emotional tendencies which an 
insanity commission thought were signs of an impeding psychosis. 
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The third case is one of a young man who was brought into the 
Clime after pleading guilty to murder in the first degree His state¬ 
ment was that he had been carrying out a number of robberies with 
the other boys who were arrested with him and, on the occasion when 
he committed this murder, he decided that he would rob a grocery 
store alone There was a girl customer ahead of him, and he waited 
until his ctim had finished with her before he pulled out a revol¬ 
ver and demanded his money He Btated that the victim lunged at 
the revolver, attempted to get it away from him, and reached 
for a hatchet which was on the back of the counter. The patient 
then shot his victim 

He had a slight endocrine glandular condition He was given 
a clean bill of health psychologically, for his I Q was 96 When 
we went into the case m some detail, we found that he was deeply 
attached to his mother. For instance, when asked about her, he 
said, “I know she is young and good-looking I wish I was as 
smart” We also found that he had identified himself with his 
father, for he used the expression that he was “just like his father ” 
Further examination indicated that he had developed marked 
feelings of guilt, not only in regard to the present offense, but in 
regard to the emotional situation in his family He told the ex¬ 
aminer that he wished to be punished, although he did not realise 
that this was his way of expiating for his feelings of guilt in the 
sexual sphere and in the case of the present crime We found in 
this example, then, a picture of a fellow who was neurotic and un¬ 
stable, whose criminalistic tendencies were based upon his neurotic 
suggestibility and the fact that he was influenced by other boys, 
all of which drove him to robbery 

In conclusion, then, the statement might be made that, while 
neurotic murderers are few and far between, they present interest¬ 
ing clinical pictures. The influence of the neurosis may be noted 
in relationship to every angle of the enme It may predispose 
toward the commission of the crime of murder It may provide 
elements of escape from responsibility at the time of the murder, 
or it may enable the individual to escape from his problems caused 
by the crime. Finally, it may provide the means for the individual 
to try to make an escape from the consequences of his crime 

Watw* Unitxbsitt 
Dvrnorr, Mkcuoak 




EGGS AND NATURAL NESTS OF THE EAST¬ 
ERN RINGNECK SNAKE, DIADOPHIS 
PUNCTATUS EDWARDSII * 

FRANK N BLANCHARD 

D ATA on the natural history of the nngnock Hnakcs have been ac¬ 
cumulated each summer, for a number of seasons, in the vu linty 
of the University of Michigan Biological Station, Cheboygan County, 
Michigan Directly after my arrival in late June I visit a favorite' 
collecting site in Emmet County and collect all the snakes I can find 
Almost all these are females with eggs to lx» laid They are taken 
to the laboratory and segregated in small cages until their eggs have 
been deported, an interval rarely longer than three weeks There 
(an be no doubt that bringing snakes to the laboratory postpones 
deposition of the eggs This piocedure, however, gives m < urate 
data on the number of eggs in a complement, on their dimensions, 
and on the relation between the length of the female and the number 
laid 

All the nngneck snakes brought to the laboratory arc measured 
and their scutellation is recorded The length taken is the average 
of numerous (6 to 10) measurements made separately The snakes 
are then marked by the method described m 1933 (Blanchard and 
Finster), and, after the females have laid their eggs, all the snakes 
are returned to the locality on Big Stone Bay in Emmet County 
described m an earlier report (Blanchard, 1926, pp 280 281) The 
young snakes hatched from the eggs are also returned here, so that 
the supply is undiminished Each season a number of snakes 
released m some previous year are recaptured 

Females of this species with unlaid eggs are not found after early 
July (July 4 is the latest date, see Table I), and, oddly enough, 
after this time spent females are also less often found than are males 
Before the time of egg laying males are infrequently seen, whereas 

* Contribution from the Biological Station and the Department of Zottlogy, 
University of Michigan, supported by grants from the Faculty Research Fund 
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toward midsummer they appear to be numerous For records of 
eggs in relation to the females that lay them, early collecting is 
essential, for nests, one must search from early July to middle 
August, but it takes a great deal of hunting to assemble many 
records of natural nests, since most of the apparently desirable sites 
contain no eggs 

Nearly all the nests found have been m decaying logs, large or 
small, in sunny situations The eggs he beneath a hard crust, or in 
the rotted interior, if the outside is hard, and on the sunny side 
Only logs m the vicinity of undisturbed woodland, coniferous or 
hardwood, are used The most profitable hunting grounds have 
been the Great Lakes beaches in the vicinity of such woodlands 
where the beaches arc low and not extensive, and bear a good deal 
of driftwood (PI LIU, Fig 1) Huntmg on stony beaches, beaches 
with sand dunes, and beaches with an excessive amount of old wood, 
such as those near old sawmill sites, is not profitable 

NESTS 

A few natural nests of the eastern nngneck snake have already 
been reported (Blanchard, 1930, pp 4-5)* One of these records was 
of a nest of 20 eggs, which clearly proves that more than one female 
may contribute to the eggs in a neat Records accumulated in 
Cheboygan and Emmet counties since 1929 do not essentially alter 
that understanding, but they do show much more clearly the general 
situation with regard to the nests of this species Following is a 
chronological enumeration of those subsequently found 

1 July 2, 1930 A nest of 48 eggs was discovered in a large log 
(13 feet long and 1} feet in diameter) on the beach at Big Stone 
Bay, Emmet County The eggs lay in the soft, rotted wood just 
under the inch-thick, hard outer shell of solid wood on the upper 
side of the log (PI LIU, Fig 2) In the vicinity of the eggs, but 
not at the nest, were seven large female nngneck snakes, and under 
a board on the sand near by was one more Of tbe eight females, 
only one had laid her eggs It may have been tbe one under the 
board, but since this snake was bagged with the other seven its 
identity was lost before the observation was made If female nng¬ 
neck snakes lay on the average 3} eggs apieee (a mean denved from 
202 sets), then about 14 females contnbuted to the accumulation of 
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the 48 eggs If the other seven females had added their eggs to the 
mass, there would have been about 72 eggs m the log This nest 
had been used before, as old eggshells of at least two previous seasons 
attested 

Since of about 22 egg-laying nngneck snakes (including those 
that had laid their eggs and gone) only one spent individual was 
found, it appears that a female of this species is likely to occur m a 
suitable site for egg laying only preceding ovipomtion, that after 
that event she soon leaves This corresponds with collecting experi¬ 
ence from late June to early July, when females bearmg eggs are 
relatively easy to find under cover in superficial situations Males 
are usually scarcer at this season But on this very day, July 2, 
1930, not far from the nest of 48 eggs a small log, ten feet long, 
contained 15 large nngneck snakes and one moderate-sized milk 
snake, and of the 15 nngnecks, 14 were mature males and one was 
a juvenile female The log was dry all through, and its interior was 
complexly tunneled with ant runways It was by chopping and 
prying into these tunnels that the snakes were located It is notable 
that there were neither spent nor pregnant females in this log It 
was too dry for a nesting site No old eggshells were found, but old 
skins and fragments of skins were strewn all through it It is not 
likely that any of the snakes were there to feed, for there was nothing 
recognizable in the stomachs of these nngneck snakes, and nearly 
all were empty The milk snake had recently fed on one or two 
masked shrews If he had been m the log to feed, there is no reason 
why he should not have been eating ringneck snakes It thus 
appears that this log was used only for resting purposes But there 
were no egg-laying females present Those prepanng to lay were 
probably seeking suitable places, those that had laid were some¬ 
where eke, and the little snakes were also somewhere else 

2 July 9, 1930 A nest of 4 eggs was located in a crevice of a 
large rotted log on the beach west of the nngneck “colony” on Big 
Stone Bay A mature male was close to the eggs, and two other 
large males were in the same log This is m accord with other ex¬ 
perience, that after the eggs are laid more male than female nngneck 
makes will be found. 

3 July 16, 1930. A nest of 6 eggs, one spoiled and eaten (or 
rotted away to a shell), were found m a rotted log on the beach 
west of Cecil, at Cecil Bay. 
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4 Aug 5, 1930 A set of 2 eggs was found in a log at Big Stone 
Bay considerably east of the nngneck "colony” About a foot 
distant from these eggs, m the same log, was a group of 3 eggs The 
log was an old telephone pole with hard center, an outer crust, and 
a rotted section between It lay on the grass in an opening about 
15 feet from the edge of the beach 

5 July 17, 1931 A nest of 7 eggs was found in a rotted log on 
the beach at Big Stone Bay Although these eggs were all together, 
they may have represented three complements, to judge by size and 
Hhape 

6 June 29, 1932 On the beach at Big Stone Bay in one small 
log, (hanneled with ant tunnels, there were five nests, of 10, 10, 8, 
4, and 1 eggs, respectively, and 10 large females bearing eggs The 
nest of 10 eggs had shells of two previous seasons There were two 
othei nests of old shells of the year before and one of shells at least 
two years old If these 16 females had laid their eggs in this log (as 
it may be assumed they would have), it would then have* contained 
about 89 eggs of this season in all Plates LIV and LV show this 
log in various stages of the destruction necessary for determining its 
contents, Figure 1 of Plate L1II illustrating the final stage 

7 July 29, 1932 A nest of 0 eggs was found in the lower end 
of a rotted stump that lay on its side in an aspen opening near 
Maple River in Cheboygan County One egg looked spoiled, the 
others good 

8 Aug 4, 1932 A nest of 2 old eggshells was found m a log on 
the beach at Bois Blanc, an island east of the city of Cheboygan 
They were probably of the previous year 

9 Aug 13, 1932 Three eggs and 2 shells were found together 
m a rotted log near Mud Lake, Cheboygan County The log, as 
usual, was exposed to the sun 

10 July 4, 1933 A set of 3 good eggs and one shriveled egg 
lay in sand under a log on the Big Stone Bay beach (PI LVI, 
Fig 1) This is the only instance of eggs of this species being found 
under wood in contact with the ground, except for the shells de¬ 
scribed under No 12 

11 July 27, 1933 Near the top of a large log embedded in 
beach sand at Cecil Bay there was a group of 8 eggs Three of 
them 1 were pale yellow (indicative that they had been recently laid), 
constituting one set, the other 5 probably comprised another 
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Embedded in sand and rotted wood below these 8 eggs was a group 
of 5 yellow eggs, and 8 inches to the left of these was a single egg 

12 Aug 9, 1933 A set of 5 eggshells of a previous season was 
found on the sand under a log on the beach at Big Stone Bay 

13 July 4, 1934 Four nests of eggs and 7 females were found 
in a large log embedded in sand on the beach at Big Stone Bay 
Most of the log was solid, but. it was rotted and channeled a little 
at each end In one end were 5 females and 3 nests of eggs one of 
4 eggs, one of 3, and one of 2 eggs One of the 5 females was near 
a set of eggs and her body was badly shrunken, as if she had just 
deposited her eggs Also in this end of the log was one eggshell of a 
previous season 

In the other end of the log there were 2 females, one set of 4 
fresh eggs, and at least 9 old shells 

14 July 18, 1934 From a punky piece of rather dry, old log 
on the beach at Big Stone Bay a Dtadophts egg fell out as the log 
was turned Another egg was shaken from the same place Then 
a nest of 5 eggs of one set and a separate egg were easily located 
On breaking off a t hunk of the log a large nest of crrh was disc losed 
Cracking off another chunk revealed four more groups of eggs — 
two of 6, one of 2, and one of 4 — and several old shells Some of 
the eggs were too dry, and perhaps were spoiled This season’s eggs 
totaled 55 in this one small log Sets of 6, 4, 4, 3, 2, and 2 eggs 
could be recognized, but the remaining eggs were not resolvable into 
sets (See FI LVI, Fig 2, PI LVII, Figs 12) There were no 
ants in this log 

15 July 25, 1934 In the end of a beach log at Big Stone Bay 

there were 5 fresh eggs together, 8 shells of the previous year, and 
2 adult male rmgneck snakes . 

16 July 24, 1935 Three eggs were found in the end of a beach 
log at Big Stone Bay 

From these accounts and the summary of them given in Table 
I it may be concluded that the female rmgneck snakes commonly 
lay their eggs in logs exposed to the sun, that single favorable logs 
may be the resort of many females, and that such logs may be used 
year after year On account of their search for nesting sites females 
are relatively easy to find before their eggs are laid Very soon after 
laying the eggs the females desert the nesting sites and retire to 



526 Frank N Blanchard 

situations less accessible to collectors They are then harder to find 
than are the males. This relative scarcity of females extends through 
midsummer The facts that males arc seldom found in the nesting 
logs and that, after egg laying, the females are not often found there 
either, show that the logs selected for nests are chosen for that pur¬ 
pose alone 

TABLE I 

Summary of Numbers of Rikqneck Snakes and Their Egos 
Found in Loot* Used fob Natural Nestb 


Date 

Number of 
eggs in log 

Number of snakes in same 
log with eggs 

Females 

Moles 

With unUid 
eggs 

Spent 

June 29 

33 

16 



July 2 

48 

7 

1 


July 4 

4 




July 4 

15 

6 

1 


July 9 

4 



3 

July 16 

6 




July 17 

7 




July 18 

55 




July 24 

3 




July 26 

5 



2 

July 27 

14 




July 20 

6 




Au* 8 

5 




Aug 13 

3 





BOOS 

Records on 202 sets of eggs show a variation of from 1 to 7 in 
a complement Three and 4 are the commonest numbers; 2 and 5 
are less common, and 6, 1, and 7 are relatively unusual. These 
facts are expressed m the histogram, Figure 12 
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The avenge number of eggs produced per female, baaed on all 
202 sets recorded, is 3 6, but within the ten seasons 1925 to 1935 
(except 1928), the average has varied from 2.77 to 4 05 Only two 
of these seasons, however, provided enough records for a fair com¬ 
parison of egg production between different years For 1932 and 
1935 the averages are 4 03 and 3 36 eggs per female, respectively, 


• 4 



mini or mi ti * « ■ t 

Fio 12 Numbers of egg* in 202 total complement* of the eastern ringneck make 
The mean of these records is 3 5 eggs per female 

based on 40 and 44 specimens The difference between these two 
means, 0.67, contains its probable error 3 7 times From this it is 
perhaps safe to conclude that there may be a real difference between 
some seasons in the reproductive potentiality in this species 

The number of eggs produced bears a certain relationship to the 
length of the female snake, as may be seen in Figure 13. The co¬ 
efficient of this correlation is 0 61 £ 003. Instances of the laying 
of a single egg are confined to females less than 365 mm long. The 
production of only 2 eggs is common in females of 380 mm. or less 
Three eggs in a set is usual only in females from 360 to about 400 
mm. long. Four eggs are produced by females of this same sue and 
up to 440 mm. Laying of 5 eggs is nearly confined to females over 
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400 mm m length, and of 0 us definitely so There is only a single 
record of as many as 7 eggs being laid by one female, and they 
were produced by a snake 425 mm long 

The largest captive female that laid eggs was 507 mm m length 
Her relatively small complement, 3, may be a feature of old age 



Fto 13 Relation between length of female and number of eggs laid Each dot 
reprawntti one act of egg* and the length of the female that laid it 


The smallest egg-beanng female was 317 mm long She laid 8 eggs. 
However, a specimen only 300 mm long collected near Ann Arbor, 
in southern Michigan, also laid 3 eggs 

Since the egg-laying record of the same female m different years 
may be of interest, I have assembled m Table II such data as have 
been accumulated 

From a perusal of this table it appears that individual females 
tend to lay about the same number of eggs from year to year In 
only one of those listed m the tabic (No 16) was the variation as 
much as 2 eggs after one year In No 7 there was a 2-egg 
variation after five years Nos 1 and 2 hardly count, since they 
were immature when first captured It is probably significant that 
the decreases in number of eggs produced were nearly confined to the 
longer and, therefore, older, females Only one shorter than 400 mm. 
laid fewer eggs in a later year, and only one longer than 400 mm. 
laid mare eggs m a later year (No 7 may be disregarded m this 
consideration, since the interval was so long, i e five years) This may 
be, then, indicative of decreased egg production m the older females. 
Observe that a female 507 mm long laid only 3 eggs (Fig. 13). 
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TABLE II 

Record* of the Numbers of Eggs Laid by the Sams Female in Different 
Years, Arranged in Order of Length of Fsmaudb at Their Earlier 
Measurements 


Number 

of 

record 


t „r Number of Number Change in number 

Vearof , J yrnra since of eggs _ 

Jaymg fe ”‘ previous depon- Iu . No ^ 

record ited crease change crease 
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Measurements of eggs show extremes of length from 18 0 to 43 0 
mm and of width from 6 0 to 12 4 mm , but the great majority of 
the eggs fall within length limits of 22 and 32 mm and width limits 
of 7 and 8 5 mm and, less frequently, up to 10 mm The extremely 
long eggs are all slender (with the exception of the one widest egg), 
and the unusually wide ones are mostly rather short These facts 
are all graphically expressed in Figure 14 

Within any single clutch the eggs tend to be uniform in size, 
proportions, and appearance Small clutches arc likely to be com¬ 
posed Of loftg eggs and large clutches of short eggs Examples of 
these relationships are given in Table III 

TABLE III 

Sample Clutches of Eggs, with Their Meahviucments in Millimeters, 
Showing thf Tendency to Uniformity tn Dimensions of the Eggs 
of a Set - - Long Egos in Smali Ci vtchkh and Short Boom in Large 
Cltttchfs 


Length 

Measurements of eggs 

Length 

Measurements 

of eggs 

of female 

Length 

Width 

of female 

Length 

Width 

378 

23 6 

80 

456 

25 0 

7 6 


23 6 

73 


23 4 

76 


230 

78 


21 5 

76 


226 

77 


236 

76 


223 

70 


260 

74 

418 

260 

80 

425 

223 

86 


220 

80 


216 

79 


270 

80 


19 4 

80 


240 

81 


190 

84 


226 

81 


19 1 

89 

447 

215 

96 


18 0 

79 


225 

10 0 


18 4 

t 

84 


215 

100 

381 

34 6 

72 


203 

101 


366 

73 


205 

97 

342 

327 

76 





29 7 

75 


SUMMARY 

In northern Michigan the eastern nngneck snake lays its eggs 
in late June and very early July 

The female deserts her egga almost immediately after depositing 
them 

Some nests contain the eggs of only one female, but often from 
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a few to many females lay m the same nest, and there may be many 
nests jn one log 

Logs lying in the sun, hard on the outside and rotted within or 
containing cavities, arc, so far as observations go, the favorite nesting 
sites of this species Such logs may be resorted to for egg laying 
year after year 

This snake may lay from 1 to 7 eggs, but 3, 4, and 5 are the 
only common numbers The average of 202 sets is 3 5 eggs per 
female 

The minimum recorded length of a female laying eggs in northern 
Michigan is 317 mm (but a 300-mm specimen at Ann Arbor laid 
eggs), the maximum length is 307 mm 

The number of eggs laid bears a general relation to the length 
of the female The larger females lay more eggs, but there scegns 
to be a tendency for very old (large) females to lay fewer eggs 
The eggs vary in length from 18 0 to 43 0 mm and m width from 
6 0 to 12 4 mm , but the great majority of the eggs fall within the 
length limits of 22 and 32 mm and the width limits of 7 0 and 8 5 mm 
Within any single clutch the eggs tend to be uniform m size, 
proportions, and apjiearance 

University of Michigan 
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Fi(i. 1. The only instance in winch fresh ringneek 
have Imh ‘0 found on the sand under a log 
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Fica. 1. The log shown in Figure 2 of Plate* I-Vl, opened furthei 
revealing four more sots of eggH in narrow channels 
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CONTRIBUTIONS TO TEXAN HERPETOLOGY 
V. SPINY AND SCALY LIZARDS (SCELOPORUS) 
chahi.es e hurt 


T HE data prenented m thw series were gathered during the years 
1930-36 The collections aie largely in the United States Na¬ 
tional Museum, and all the specimens in that institution have been 
studied critically The 1 ten Texan Sceloptm are diagnosed by the 
following key 

1 A mnHpM uiniH black collar or blotch in front- of shoulder r » 

L No toimpK uouh black collar or blotc It in front of shoulder 2 

2 Usually 37 or fewoi than 27 males from ompnt to bast 1 of tail, adults 
often large, over 90 mm Mexican scaly lirard Rio Grande Valky 
and most of Texas, except extreme east and Panhandle 

8 sptnosus Wicgmann 

2 Usually more than 37 sc ales from oc c iput to base of tail, adults smaller 3 

3 Fewer than 48 stales from oc ciput to base of tail 4 

3 More than 48 stales from oc ciput to base of tail 8 

4 Bark distinctly striped, usually with spots or nonundulate markings 
Prairie spiny lizard Texas, north and west of mouth of Rio Grande 

S undulatus conaobnnw Baird and Girard 
4 Baek not distinctly striped, usually with aavy dark brown crossbars 
Eastern spiny lizard Texas, north and east of mouth of Rio Grande 

8 UTidulatus undulalu* (IjatreiUe) 

5 A black bloteh that is confined to the lateral region or rapidly narrowed 

doraally 7 

5 A broad black collar with parallel edges that unite 1 or approach doraally 6 

6 More than 51 scales from occiput to base of tail Ornate spiny lizard 

Lower Rio Grande 8 omatus Baird 

6 Fewer than 51 scales from occiput to base of tail Mexican scaly lizard 
Rio Grande Valley, north to central Texas 

8 torquatu* pmnaeUn Baird and Girard 

7 External parietal and frontoparietal plates separated from supraoeulars 

by a aeries of small granules 8 

7 External parietal and frontoparietal plates m contact with large supra- 
ooulars Desert scaly lizard Trans-Pecos region 

S clarktt clarkn Baird and Girard 
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8 Fewer than 09 scales from occiput to base of tail, throat often with blue 

marking* 9 

8 Sixty-mnc or more than 09 wales from occiput to baae of tail, throat 

often variegated with black and white Small-scaled spiny lizard 
Lower Rto Grande S couchxt Baird 

9 More than 50 scale* from occiput to base of tail 10 

9 Fewer than 50 tw ale* from occiput to base of tail 2 

10 Dorsolateral stripes absent or very faint, center of lateral belly patihe* 

blue 11 

10 Dorsolateral stripes distinct, t enter of belly patche* pink Texan rose- 

bellied spiny lizard Lower Rio Grande north to Central Texas 

«S vanabtlu marmoralus (H&llowell) 

11 Belly pat< he* of males strongly emarginated with black or deep indigo, 

at least posteriorly, body often gray or olivaceous above Peco* spmy 
lizard Upper Rio Grande and Big Bend area 8 tnerruimt Stejneger 
11 Belly patches of males weakly emarginate or not bordered at all by dark 
markings, body brown Boutli Texan spmy lizard Lower Rio 
Grande S dtapanlu Htejneger 

As a group, the spmy and the scaly lizards show definite climbing 
instincts When trees art 1 available they are frequently seen on the 
trunks or among the branches, but m more barren places they are 
forced to become rock climbers instead Not possessing the speed 
of race runners (Cnemidophoms) or sand lizards (Holbrookia), they 
rely more upon craftiness in seeking concealment The Mexican 
scaly lizard sometimes wedges its body into such small rock crevices 
that it cannot be reached with forceps, oven when it is in plain sight 
The smaller spmy lizards are less protected when they exhibit the 
same reaction by wriggling under bark, in fact such behavior often 
aids materially in their capture 

Sceloporus clarku clarkn Baird and Girard 

This desert scaly lizard has invaded Texas from the west, occur¬ 
ring at least at Boquillas, Brewster County, and El Paso, El Paso 
County 

Sceloporus couchu Baird 

This species has a remarkably fine dorsal scutellation There 
are 73 scales from the occiput to the base of the tail in the only 
Texan specimen at hand (U 8 N M No 14741, San Diego, Duval 
County, type of Lyaoptychus lateralis Cope) Some specimens from 
Mexico have as many as 82 scales in this count. S undulatus con- 
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sobrxnus sometimes approaches couchn in coloration, but not in 
scalation The Mexican types of couchn have smooth throats, but 
the preserved Texan specimen mentioned above displays a trans¬ 
verse gular fold which Cope noticed m 1888 and used as the basis 
for the description of a new genus and species, eveu a gentle pressure 
on the snout of this “ lateralis” removes the neck fold, which may 
have been formed during killing and preservation 

Sceloporu8 dtspanhs Stejneger 

The type and four paratypes of this species are all from Lomita 
Ranch, about 6 miles north of Hidalgo, Hidalgo County 

Sceloporus mcrriami Stejneger 

This spenes occurs in abundance about rock cliffs in Val Verde 
County, and it has been collected at Boquillas, Brewster County, to 
the westward On August 27, 1935, many specimens were observed 
in the picturesque Castle Canyon, about 17 miles southeast of Com¬ 
stock The Pecos spiny lizard is an agile climber and prefers rocks 
to trees At the same place only S sptnosus was found in trees 
below the canyon walls 

Sceloporus sptnosus Wiegmann 

An examination of the type of flvndanus and of other south¬ 
eastern spiny lizards indicates that in the Pensaeolan area of hlonda 
dwells a poorly differentiated subspecies of undulatua (S u flon - 
danus) and that in the Gulf strip l>etween Florida and Texas only 
typical undidatus occurs Cope (1885, p 398) went even further 
than this and considered ftondanus a synonym oVundulatus The 
true sptnosus stock appears to be distinct from undulatvs , and it has 
entered Texas from Mexico 

Sptnosus ih typically diurnal and arboreal, spending its life m 
the vicinity of woods, where it elimbs about trees, old logs, large 
rocks, and brush piles It spends the night under the protection of 
bark, flat rocks, or large pieces of tin Continued experience has 
indicated that, if the latter shelter is present, it is very likely to be 
used during the cooler part of the day, for it seems to offer an advan¬ 
tage to the lizard in “warming up” in the morning 

Young specimens of sptnosus are apt to be confused with undu- 
lotus, since the two agree m size and m general appearance A young 
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example of gjnnome taken in Falla County on April 6 measured 
38 mm in body length and 55 mm m tail length A large female 
collected in Dallas County on April 11 had 23 eggs m the abdominal 
cavity, 12 on the right side, and 11 on the left 


County 

Locality 

Dale 

Collector 

Bexar 

Somerset 

Jan 20, 1027 

Kirn, A J 

Brown 

3 mi W Brownwood 

July 27, 1931 

Smith, H M 

Calhoun 

Indianola 

Graham, J D 

Callahan 

Putnam 

April IS, 1926 

Kim 

Cameron 

Brownsville 

May, 1866 

Perry, I 

Concho 


Sept 10, 1893 

Lloyd, W 

Dallas 

5 mi BE Dallas 

April 11, 1931 

Burt, C E 

Duval 

San Diego 

Taylor, W 

Ellis 

8 mi NE Midlothian 

OH 31, 1930 

Burt 

El Paso 

El Paso 


Clark, J H 

Erath 

12 mi NE Stephens- 



ville 

March 17, 1934 

Burt 

Falls 

1 ini W Marlin 

April 6, 1931 

Burt 

FayetU 

Kutersville 

Forshey 

Grayson 

1 mi N Howe 

March 22, 1936 

Burt 

Guadelupe 

Begum 

Nov 8, 1904 

Bailey, V 

Hays 

U S Fish Commission 




Grounds, San Marcos 


Leary, J L 

Hidalgo 

McAllen 

Aug 30, 1916 

Btreeter, D D 

Hood 

5 mi S Paluxy 

March 17, 1934 

Burt 

.lark 

Bryson 

April 19, 1931 

Burt 

Jim Wells 

8 mi NE Alice 

Aug 26,1935 

Burt 

Karnes 

Runge 

Aug 29, 1906 

Howell, A H 

Kendall 

3 mi N Waring 

Sept 3, 1936 

Burt 

Kerr 

3 mi W Comfort 

March 7,1931 

Banders, O 

Kinney 

Fort Clark 


Potter, J A 

McLennan 

Mart 

Aug 20, 1927 

Adams, F M 

Nueces 

Corpus Chnsti 

Oct 20, 1B91 

Lloyd 

Palo Pinto 

3 mi E Palo Pinto 

March 29, 1931 

Burt 

Smith 

5 mi W Arp 

April 2, 1932 

Sanders 

Sutton 

26 mi BE Sonora 

May 15, 1922 

Babcock, A G 

Tarrant 

Fort Worth 

March 29,1931 

Burt 

Tom Green 

San Angelo 

June 8,1894 

IJoyd 

Travis 

Austin 

Patterson, J T 

Val Verde 

Castle Canyon 17 mi 



BE Comstock 

Aug 27,1936 

Burt 

Victoria 

Victoria 

Sept 11,1906 

Howell 


Sceloporus torquatus pomsettn Baird and Girard 

These handsome lizards are characteristic inhabitants of rock* 
walled canyons The two cotypes in the national collection an 
from Bio San Pedro (■■ Devil's River), Val Verde County. 
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County 

Ijocalxty 

Date 

Collector 

Brewster 

20 mi S Alpine 

Aug 28, 1035 

Burt, C E 

Duval 

San Diego 

Taylor, W 

Jeff Davw 

ft mi NE Fort Davih 

June 18, 1033 

Hoyle, L 

Maverick 

Eagle Pass 

1800 

Lloyd, W 

San Saba 

Mouth of Brady Creek 

July 23, 1031 

Smith, It M 

Terrell 

0 mi W Dryden 

Aug 27, 1035 
Sept 3, 1800 

Burt 

Val Verde 

East Painted Cave 

Lloyd 

Webb 

Laredo 

Butcher, W 


Sceloporus undulatus consobnnus Baird and Girard 

The status of the Middle-Western lizard under discussion has 
long been in doubt, as Jones (1926) has shown in giving it, the 
name thayem , as opposed to the long-rceognized consobnnus, using 
as his criterion a common recognition of the synonymy of the two 
forms and an apparent priority in the publication date of the former 
name However, a diagnosis of thayem (as such) m comparison with 
undulatus was not presented by either Baird and Girard or Jones 

The three existing types of thayem are from Indianola, Calhoun 
County, Gulf Coast of Texas (U 8 N M No 2887) Other speci¬ 
mens of the lizard were mentioned m the original description as 
occurring at “San Antonio, El Paso, and as far west as the province 
of Sonora ” If one uses the standard characters incorporated in the 
key given above for the separation of undulatus and “consobnnus” 
m Texas, it is found that specimens from Indianola and the sur¬ 
rounding country identify as true undulatus To the west of this 
area a color variant with dorsal spots m place of undulating cross- 
bare occurs in company with young specimens of spinosus (these 
latter lizards resemble undulatus so closely that som6 confusion of 
the two might easily have resulted) However, in the original de¬ 
scription of thayem, Baird and Girard (1852) specifically mentioned 
havmg seen both “transverse undulating bands” and “senes of 
small patches” of brown or black on the back of this Bpecies Thus 
it appears that thayem, as conceived onginally by its desenbers, is 
a composite form The types of thayem from Indianola are in a 
poor state of preservation, but one specimen exhibits a distinct 
senes of undulating crossbars on the back, thus leaving no doubt as 
to its colorations! identity with undulatus After considenng all the 
known facts in the case, and m particular the character of the exist¬ 
ing cotypes, it seems best and most logical to relegate thayem to 
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the synonymy of undulatus Contrary to Jones (1926, p 3), it 
appears that Baird and Girard may have recognised the differences 
between thayem and the lizard that they later described as con¬ 
sobnnus , instead of having “failed to notice their great similarity,” 
for, as noted above, both types of coloration were mentioned in the 
original description of thayem , while only the spotted western type 
was specified later for consobnnus in its original diagnosis Thus, 
through supplemental analysis, it appears that Baird and Girard 
may have ultimately limited or restricted their conception of thay¬ 
em to the undulated population of undulatus as represented by indi¬ 
viduals along the extreme southwestern border of the range in Texas 


County 

Locality 

Brewster 

BoqulUns 

Brooke 

5 mi N Encino 

Cameron 

Santa Rosa 

Comanche 

Bibb 

Cooke 

Gainesville 

Duval 

San Diego 

Eastland 

4 mi N Rising Star 

El Paso 

El Paso 

Erath 

4 mi NE Dublin 

Fisher 

Grady 

Hudspeth 

Fort Hancock 

Jeff Davis 

8 mi NW Toyahvale 

Km* 

1 mi ft Grow 

San Saba 

2 mi ft San Saba 

Val Verde 

Langtry 

Webb 

Laredo 


Date 

Collector 

May 28, 1901 

Oberholser, H C 

April 4, 1931 

Burt, C E 

Ncpt 22, 1891 

IJoyd, W 

Jaynes, R. T 
Ragsdale, G H 
Taylor, W 

Marrh 17, 1934 

Burt 

July 15, 1902 

Hurter, J 

March 17, 1934 

Burt 

April 30, 1901 

Shepherd, T M 

1893 

Me&ms, E A 

June 18,1933 

Hoyle, L 

June 12,1933 
March 8, 1931 

Hoyle 

Burt 

Jan 28, 1890 

Bailey, V 


Sceloporus undulatus undulatus (Latreille) 

This is the characteristic spiny lizard of the east Texas timber 
belt, where it has been found m grass about rock piles, brush, and 
logs, as well as under or on flat pieces of tm, flat rocks, and the loose 
bark of stumps and logs A female taken in Sabine County on 
May 10 was found to be carrying eggs in the abdominal cavity. 

Ortenburger and Freeman (1930, p 175) have determined the 
line of mtergradation of the allied subspecies S u undulatus and & 
u consobnnus as the 97th meridian in Oklahoma. This same line 
separates the two populations m Kansas, and the existence of a wide 
belt between their ranges in the eastern part of the state (from which 
specimens of Sceloporus are not available) suggests the absence of 
mtergradation m the northern part of the range. The present study 
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indicates that the region of the 97th meridian is the general line of 
intergradation m Texas, although m the south specimens of undulatus 
with prominent dark brown dorsal crossbars have been taken in 
Goliad County, which is slightly west of tins line On the 97th me¬ 
ridian in northern Texas mtergradation is common, the dorsal cross¬ 
bars so characteristic of undulatus becoming reduced and the yellow 
spots on the sides better developed to offer an approach to the 
western consobnnus Texan specimens of consobrtnus tend to show 
less concentration of the dorsal dark brown pigment than more 
northern ones — this alone suggesting a lesser differentiation from 
undtdalus in the more southern section of the race 


County 

Location 

Date 

Collector 

Anderson 

Nachftt River, 14 mi 

E Palestine 

Nov 24, 1801 

Evermann, U W 

Angelina 

4 mi SE Wells 

May 9, 1031 

Burt, C E 

Bowie 

1 mi S Maud 

May 2, 1931 

Burt 

Calhoun 

Indianola 

Clark, J H 

Casa 

8 mi N Linden 

May 2, 1931 

Burt 

Colorado 

Columbus 

Nov 14, 1904 

llailey, V 

Comal 

2 mi 8W New Braun¬ 
fels 

April 2, 1931 

Burt 

Goliad 

5 ml NE Fannin 

Apnl 5, 1931 
March 22, 1936 

Burt 

Grayson 

3 mi N Denison 

Burt 

Gregg 

2 mi NW Longview 

March 28, 1931 

Burt 

Hardin 

7 mi SE Kouutze 

July 6, 1934 

Burt 

Henderson 

Eustace 

July 7, 1934 

June 10, 1892 

Burt 

Lamar 

Arthur City 

Bailey 

Marion 

3 mi N Jefferson 

May 2, 1931 

Burt 

Nacogdoches 

West bank of Attoyac 
River, about 1 mile 
east of Chireno 

May 10, 1931 

Burt 

Robertson 

Wheelock 

Kellogg, F 

Rusk 

4 mi S Mt Enterprise 

June 17, 1934 

Burt 

Sabine 

2 mi S Brookeland 

May 10, 1931 

Burt 

Trinity 

6 mi NW Groveton 

July 6, 1934 

Burt 

Tyler 

Hilhster 

July 6, 1934 

Burt 

Victoria 

2 ml SW Inez 

April 6, 1931 

Burt 


Sceloporus vanabihs marmoratus Hallowed 

In Texas, as Smith (1934) has indicated, marmoratus tends to 
have more than 00 scales from the occiput to the base of the tail, 
while the Mexican subspecies vanabihs has 60 or fewer than 60 
scales in this computation The differentiation is slight, but has 
phylogenetic significance 
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One of these lizards was secured on April 5 in a pile of tin cans 
in a dump in a sandy, sparsely wooded area in San Patricio County 


County 
Bandera 
Bexar 
Duval 
Live Oak 
Nueces 
Shu Patnuo 


Location 
Medina 
Helotea 
San Diego 

Nueces Bay 
3 mi NW Mathis 


Southwestern Colteob 
Winfibiu, Kansas 


Date 


Nov 30, 1883 

Oct 10, 1908 
Dec 17, 1891 
April 5, 1931 


Collector 
Cults, T D 
Marnock, G W 
Taylor, W 
MitihUl, J D 
Lloyd, W 
Bui t, C E 
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ANYPHAENIDAE OF BARRO COLORADO 
ISLAND, PANAMA CANAL ZONE 

ARTHUR M CHICKKRJNG 

P ETR UN KF]V ITCH (1933) has Riven adequate reasons for sepa¬ 
rating the Anyphaenidac from the remainder of the Clubiomdao, 
and I am following his decision in this paper Hitherto thirteen 
species of Anyphaenidac (Petnmkevitih, 1925, Banks, 1929) have 
been recorded from Panama, but only two from Barro Colorado 
Island Stilus longispinus F Cambridge and Aysha tnmilaritt Banks 
Ah mduated in the following pages of this pajier, I have found 
twelve species in my last collection from Barro Colorado I have 
the species which Banks identified as Stilus longtspinus F Cam¬ 
bridge, but after a careful examination of both and comparison with 
Cambridge's figures and description, I am obliged to regard my 
specimens as representing a new species now referred to the genus 
Wulfila The species appearing in this paper are as follows Aysha 
tnmlana , sp nov , Aysha stmtlans Banks, Macrophyes clongala, 
sp nov , Stilus coloratus, sp nov , Teudis lycosotdes, sp nov , 
Wulfila dubta, sp nov , Wulfila fragihs, sp nov , Wulfila marulata, 
sp nov , Wulfila modcsta f sp nov , Wulfila pellucvda , sp nov , 
Wulfila pulverulenta , sp nov , Wulfila spinosa t sp nov. 

In the study of species as described in this paper I liave carefully 
examined all specimens m accordance with the intensive method 
used by Petrunkevitch Because of the urgent need to conserve spac e 
and the difficulty of publication at the present time, it has boon 
necessary to reduce the descriptions to the minimum absolutely de¬ 
manded by the character of the material This has precluded the 
detailed recording of spines on legs in the way practiced by Petrunke¬ 
vitch and the inclusion of some other descriptive material However, 
it seems probable that the leg spines and their exact distribution are 
somewhat less important in describing species than they have been 
regarded by this investigator In making measurements the length 
of the body is taken from the anterior border of the carapace to the 

541 
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posterior end of the abdomen Hence the total lengths as given 
never include the chehcerao or the spinnerets The eheheeral teeth 
on promargins and retromargins of the fang groove are counted from 
the inner end of each row outward toward the base of the fang 
Obviously, the type locality for all new species is Barro Colorado 
Island All typcH are to be kept in my own personal collection for 
the present, but it is exacted that they will later be deposited in 
some large museum where they can receive adequate care and pro¬ 
tection 

Pctrunkcvitch has recently (1930, p 65) pointed out the great 
confusion now existing in the definitions of WulfiJla, Teudts, Stilus , 
and Macrophyte After struggling with my collection of this family 
I can fully appreciate his predicament I feel confident that my 
Marrophycs elongata is a real Macrophyes Stilus coloralus appears 
to be a real Stilus , and the same is true of Teudts Of my seven 
specimens of Wulfila I am only certain that, pending a careful study 
of all these genera with an abundance of material, it is best to regard 
all as members of this genus 

KEY TO THE TWELVE KNOWN SPECIES OF ANYPHAENIDAE 
FROM BARRO COLORADO ISLAND 

MALES 

1 Tibia of palp more than twice aa long m broad 2 

1 Tibia of palp law than twice as long as broad 4 

2 Ijegs and body very long and slender, palpal tibia! apophysis a single 

short, stout spur concave at the apex Macrophyes elongata, p 547 

2 Legs and body shorter and stouter, palpal tibia! apophysis not a single 

short, stout spur concave at the apex 3 

3 A large species, about 11-12 mm long, palpal tarsus deep and massive, 

promargin of fang groove with four stout teeth, rotromargin with nine 
small teeth Aysha stmilom, p 545 

3 A small species, about 4-5 mm long, palpal tarsus not deep and massive, 

promargin of fang groove with four teeth, retromargin with seven teeth 

Wulfila dubta , p 551 

4 ALE with diameter more than three times as great as diameter of AME, 

color in alcohol yellow throughout, first ventral tibial spines 2 (irregu¬ 
lar) -2 -2 Wulfila froffilts, p 553 

4 ALE with diameter less than three times as great as diameter of AME, 
color in alcohol generally pale yellow, with broad dusty gray marginal 
stripes on carapace and similar dorsolateral anterior abdominal stripes; 
first ventral tibial spines 2-2 Wulfila pulverulenta, p 558 
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FEMALES 

1 Larger species, 9-12 mm long, tracheal spiracle not more than one fourth 
the distance from genital furrow to spinnerets, diameter of AME more 
than one half the diameter of ALE 2 

1 Smaller species, less than five mm long, tracheal spiracle more, usually 

much more, than one fourth the distance from genital furrow to spinner¬ 
ets, diameter of AME usually much less tlian one half the diameter of 
ALE but sometimes about equal to it 3 

2 Promargln of fang groove with five teeth, rctromargin with five teotli, 

depression in epigynuin like an inverted chemical flask in shape, no 
notch in anterior border Aysha i nsuhna, p 544 

2 Promargin of fang groove with four teeth, retromargin with nine small 

teeth, depression in epigynum not shaped like an inverted chemical 
flask, with a distinct notch m anterior border Aysha stmtlarts, p 545 

3 Eyes rather closely grouped togethei, PME separated by about three 

fourths their diameter, color brownish with a definite pattern on dorsal 
surface Teudu lycosotdes , p 549 

3 Eyes more widely separated, PME separated by about their diameter or 

more, color yellowish with little or no pattern dorsally 4 

4 Clypeus equal to a little less than radius of AME, AME separated by a 

little less than their radius, promargin of fang groove with three teeth, 
retromargin with five teeth Stilus coloratus, p 548 

4 Clypeus always equal to much more than the radius of AME and usually 

more than the diameter, AME always separated by much more than 
their radius and usually by at least their diameter, fang groove nut with 
three teeth on promargin and five on the retromargin 5 

5 Clypeus less than diameter of AME 6 

5 Clypeus more than diameter of AME 7 

0 Epigynum much longer than brood, retromaigin of fang groove with four 
teeth Wulfila peUucufo, p 557 

0 Epigynum broader than long, retromargin of fang groove with seven teeth 

Wulfila dubta, p 551 

7 Sternum and ventral Bide of abdomen with much gray color, promargin 
of fang groove with five teeth, retromargin with nine 

Wulfila maculata, p 555 

7 Sternum and ventral side of abdomen with no gray color, promargin of 

fang groove not with five teeth, retromargin not with nine 8 

8« Clypeus almost twice as wide as the diameter of AME, promargin of fang 
groove with seven teeth, retromargin with nine Wulfila modesta, p 556 

8 Clypeus much leas than twice as wide as diameter of AME, promargin 

With four teeth, retromargin with seven Wulfila sptnota, p 560 
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ANYPHAENIDAE 
(Plates LVIII-LIX) 

Genus AYSHA Keyserling, 1891 
Aysha insulana, sp uov 

(Figures 16, 21) 

Female holotype — Total length 8 85 ram Carapace 3 78 mm 
long, sparsely covered with yellowish hair, longitudinal furrow clearly 
marked, widest (2 97 mm ) opposite second pair of legs 

Eyes — All eyes circular AME diurnal, all others nocturnal 
Seen from above posterior row only slightly procurved, from in front 
anterior row somewhat recurved Posterior row longer than anterior 
row m ratio of about 22 17 Ratio of eyes AME ALE PME PLE 
*=5 8 7 8 AME separated from one another by about four fifths 
of their diameter, from ALE, by about the same distance PME 
separated from one another by nine seventlis of their diameter, from 
PLE, by eight sevenths of their diameter. Central quadrangle wider 
behind than in front m ratio of 23 14, wider than long in ratio of 
23 20 Clypeus wider than diameter of AME in ratio of 6 5 
Chehcerae — Swollen near the base, boss prominent, basal joint 
1 70 mm long Promargin of fang groove with five teeth, second 
(from inner end of row) is largest, fifth is smallest (nearest to base 
of fang) Retromargin of fang groove with five* teeth, first is smallest, 
third, fourth, and fifth heavier, interval between third and fourth 
longest (Fig 21) Scopula well developed only on promargm Fang 
strong, evenly curved 

Lip , maxillary lobes , sternum —Lip longer than wide m ratio 
of 37 23, slightly indented at tip Maxillary lobes dilated in front, 
excavated contiguous to lip, concave along outer margin, longer than 
wide in ratio of 59 27 Sternum longer than wide in ratio of 
19 14, sternal suture procurved, widest between second coxae, ex¬ 
tends as a rounded projection between fourth coxae First coxae 
wider apart than fourth coxae in ratio of 11 5 

Legs, spines, etc — Legs, somewhat mutilated with first entirely 
lacking, 1(7)423 Tibial index of fourth leg 9. Spues: First leg 
missing All others with ventral tibial spines 2-~2--2, second 
metatarsus with ventral spues 2 (proximal), third with 2 - - 2 - - 2, 
fourth with 2 - - 2 - - 2. Scopulae on all tarsi, complete on second 
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metatarsi, at distal end of third metatarsi, vestiges at distal end of 
fourth metatarsi, a sparsely scopulate brush on promargin and retro- 
margin of second tibia Claw tufts well developed, two claws similar 
with six or seven teeth 

Abdomen — Slender and pointed behind, 4 86 mm long, 1 93 mm 
wide about one third from anterior end Tracheal spiracle slightly 
more than one fourth distance from genital furrow to spinnerets, 
recurved and prominent Spinnerets as ubuuI in genus Colulus a 
low, conical tubercle Epigynum as m Figure 16, distinctive, the 
cavity shaped like an inverted chemical flask 

Color m alcohol — Carapace* orange, darker about the eyes, 
sternum yellow with brownish border, thickened opposite coxae, 
chelicerae, hp, and maxillary lobes deep reddish brown, legs generally 
yellow, with distal ends of tibiae and patellae orange, palps yellow 
except tarsus, the color of which is like hp, (holicerae, and maxillary 
lobes, abdomen yellow with darker patches and streaks dorsally 

Aysha simdarts Banks 
(Figures 1, 2, 12, 22) 

Banks (1929) described the female of this species from Barro 
Colorado Island I have specimens of both sexes and give here a 
description of the male allotype The epigynum of Bank's female 
was not well chitimzed and hence did not show the true form of 
this important organ For thiB reason 1 have furnished a drawing 
of this organ (Fig 12) Teeth on the female chehcera are shown in 
Figure 22 An additional tooth is present on the right chehcera 

Male allotype —Total length 11 40 mm Carapace 4 20 mm 
long, 3 24 mm wide opposite second coxae Thoracic, .groove longi¬ 
tudinal but short and twisted in allotype Carapace moderately 
high, covered with procumbent hair and a few bristles, margin with 
short procurved bristles 

Eyes — Group occupies twenty-three thirty-sevenths of width of 
head Seen from above posterior row slightly procurved From hi 
front anterior row somewhat recurved Postenor row longer than 
anterior row in ratio of 11 9 AME diurnal, all others nocturnal 
All eyes nearly round Ratio of eyes AME. ALE PME PLE - 
6 6 5.65 6.5 AME separated from one another by two thirds of 
their diameter, from ALE, by slightly more than two thirds of their 
diameter. PME separated from one another by nineteen thirteenths of 
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then diameter, from PLE, by almost the same distance Laterals sep¬ 
arated by slightly less than two thirds of the diameter of ALE Cen¬ 
tral quadrangle wider behind than m front in ratio of 11 8, wider 
than long in ratio of 22 21. Clypeus equal to diameter of AME, 
with a stiff bristle beneath each space separating AME from ALE 
Cheltcerae —Prominent, porrect, diverging, excavated along 
distal half of inner margin, with conspicuous boss Promargm with 
four teeth, retromargin with nine teeth, all essentially as in female 
(Fig 22), except last two isolated Fang long, Blender, somewhat 
Binuous Scopula long but scant, on promargm only 

Lip — Longer than wide in ratio of 18 13, deeply notched at 
tip, basal excavations extend slightly more than one third of length 
Maxillary lobes — Longer than wide m ratio of 29 13, dilated 
at tip, deeply concave along outer margin 

Sternum — Longer than wide in ratio of 11 7, widest opposite 
second coxae First coxae nearly as far apart as second, fourth 
coxae separated by nearly their width Sternum ends posteriorly 
in a rounded point halfway between fourth coxae, somewhat convex 
and swollen opposite each coxa. Lengths of coxae, 14 - 23. 

Legs —1423 Tibial index of first leg 7, of fourth leg 9 Patella 
of palp about two thirds as long as tibia Spines: All tibiae with 
ventral spines 2 - - 2 - - 2, first metatarsus ventral, 2--0 — 0; 
second metatarsus hke first, third and fourth metatarsi ventral 
2 - - 2 - - 2 Claw tufts throughout well developed. Proclaw of 
first tarsus with sixteen teeth, retroclaw with five Tarsal soopulae 
throughout, but not heavily developed, scopulae also on first pod 
second metatarsi 

Abdomen — Elongate, tapering Anal tubercle prominent, with 
a broad base and a conical apical portion. Colulus present. Six 
spinnerets, anterior, peur heaviest and with groove at the base on 
each along inner side. Posterior pair more elongate, with second 
segment six fifteenths as long as basal segment. Abdomen covered 
with short, light-colored hair. Tracheal spiracle large and only one 
sixth of distance from genital furrow to spinnerets See Figures 1 
and 2 for characteristics of palp, which is very broad at base. The 
embolus makes a complete circle and the tibial apophysis is long, 
slender, and somewhat hooked apically. 

Color m alcohol. — Essentially as given by Banks for female, 
except that male allotype is probably lighter than the holotype. 
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Genus MACROPHYES Cambridge, 1893 
Macrophyes elongate, sp nov 
(Figures 3, 19, 20) 

Male holotype — Total length (measured as stated in introduc- 
tion) 6 05 mm Carapace 1 99 mm long, and 1 30 mm wide at widest 
place opposite second coxae, flat, pubescent No longitudinal groove, 
but a shallow pit instead 

Eyes — The two rows of eyes nearly straight ALE most promi¬ 
nent Posterior row longer than anterior row in ratio of 14 11 
Ratio of eyes AME ALE PME PLE > 2 5 5 5 AME sepa¬ 
rated from one another by four thirds of their diameter, from ALE, 
by five thirds of their diameter PME separated from one another 
by six fifths of their diameter, from PLE, by their diameter Laterals 
separated by three fifths of the diameter of ALE Central quad¬ 
rangle wider behind than in front in ratio of 15 6 5, wider than long 
in ratio of 15 12 5 Clypeus equal to five fourths of the diameter 
of AME, lateral margins notched and strongly chituused 

Cheltcerae — With basal segment 1134 mm long, porrect, diver¬ 
gent in distal half without visible boas Fang groove difficult to 
follow On left chehcera promargin with five teeth somewhat ir¬ 
regular, retromargm with five (Mg 20) Right chehcera has one 
additional tooth on the promargm Promargin with weak scopula, 
retromargm with a tuft of hairs near maxillary scopula Fang 
slender and slightly smuous 

Lip — Longer than wide m ratio of 19 13 at the base, reaches 
to about the middle of maxillary lobes The latter'are slender, 
parallel, concave along outer border, dilate at the tapB Serrula 
marginal. 

Sternum —Longer than wide in ratio of 3 2, widest in the 
middle, ends posteriorly in blunt point between posterior coxae, 
which are about half as wide apart as first coxae 

Legs — Very long and slender, 1423 Tibial index of first leg 3 5, 
of fourth leg 5. Tibia of palp three times longer than patella Femur 
of palp strongly curved doraoventrally Leg spines Ventral spines 
of first and second tibiae 2 — 2 — 2 — 2--2 — 2, of third tibia 
2 — 2, of fourth tibia 1 — 1 — 1 (somewhat irregular), ventral 
spines of first and second metatarsi 2 (proximal), of third 2 — 1, 



548 Arthur M Chickenng 

of fourth 1 - - 1 - 1 Scopulae reduced on tarsi and metatarsi 

to remnants Claws apparently similar with 13 or 14 teeth, diffi¬ 
cult to determine exactly without injury to specimen Claw tufts 
on all tarsi, but not strongly developed 

Palp — Characteristics of palp shown in Figures 3 and 19 The 
tibial apophysis is concave at apex dorsally 

Abdomen — Tracheal Hpiraclc about one sixth of distance from 
genital furrow to spinnerets Anterior spinnerets contiguous, pos¬ 
terior pair about twice as long as anterior pair, terminal segment 
cone-shaped, basal segment with ventral tuft of yellow hams, median 
pair about two thirds as long as anterior pair No colulus visible 
Anal tubercle distinct 

Color tn alcohol — Generally yellow' Legs almost white, carapace 
lemon-yellow, mouth parts somewhat darker, sternum almost white, 
abdomen dusty yellow 

The genus Marrophyes was established by O P Cambridge for a 
single adult male from Mexico No members of this genus are in 
the collection from Central America in the Museum of Comparative 
Zoology, Harvard University It seems to be a rare genus, and this 
is the first record from Central America so far as I am aware 
Knowledge concerning females is much needed 

Genus SILLUS F Cambridge, 1896 
Stilus coloratus, sp nov 
(Figures 10, 23, 32) 

Female hohtype — Total length 3 24 mm Carapace 1 22 mm 
long, 0 96 mm wide opposite second coxae, at level of posterior eyes 
0 64 mm wide, truncate posteriorly, with longitudinal thoracic 
groove, covered sparsely with dark procumbent hair Abdomen 
1 87 mm long (cephalothorax and abdomen slightly separated)* 

Eyes — Seen from above posterior row of eyes nearly straight, 
anterior row recurved, laterals not elevated Ratio of eyes AME 
ALE PME PLE ** 2 5 3 5 3,3 (Fig 23) AME separated from 
one another by a little more than their radius, from ALE, by about 
their radius PME separated from one another by about four thirds 
of their diameter, from PLE, by their diameter. Laterals separated 
by a little less than the radius of PLE PLE somewhat oval, PME 
quite oval in outline Central quadrangle wider behind than m 
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front m ratio of 20,13, wider than long in ratio of 10 7 Clypeus 
a little less than the radius of AME 

Chehcerae — Parallel, basal segment 5 35 mm long, with boss 
well developed Promargin with three stout teeth, retromargm with 
five much smaller teeth (Fig 32) Fang fairly stout, curved as 
usual Scanty scopula on promargm only 

Lip —Longer than wide in ratio of 9 8, reaches just beyond 
middle of maxillae, anterior border slightly indented 

Maxillary lobes — Parallel, concave along outer margin, dilated at 
tips, longer than wide in ratio of 17 8, with serrula extending along 
entire anterior border, and with palp inserted one third of distance 
from proximal end 

Sternum — Longer than wide m ratio of 29 21, widest opposite 
interval between first and second coxae, sternal suture* slightly 
recurved, ends bluntly halfway between posterior coxae, somewhat 
convex, first coxae more than twice as far apart as posterior coxae 
Legs — 4123, generally short and stout Tibial index of first and 
fourth legs 13 Ventral spines of first tibia 2 - - 2 - 0, of first meta- 
tarsus 2 - - lp - - 0, of second tibia 2 - - lr, of second metatarsus 
2 - - lp - - 0, of third tibia 0, of third metatarsus 2—2 (apical), 
of fourth tibia 0 - - lp - - 0 (a pair of bristles), of fourth metatar¬ 
sus 2 - - 2 (apical) Third and fourth metatarsi have promarginal 
and retromarginal spines which may represent the preening comb 
Abdomen — Ovoid Tracheal spiracle nearly halfway from gen¬ 
ital furrow to spinnerets Spinnerets typical for the genus Char¬ 
acteristics of epigynum in Figure 10 

Color in alcohol — Abdomen nearly white throughout, carapace 
and sternum light yellow, with brown about the eyes, hp and maxil¬ 
lary lobes light brown, chehcerae deep rich brown, legs yellowish white 

Genus TEUDIS Cambbjdge, 1896 
Teudls lycosoides, sp nov 
(Figures 13, 26, 26A) 

Female holotype. — Total length 4 53 mm , carapace 2 12 mm 
long, abdomen 2.38 mm. long (the two portions of the body overlap 
slightly) Carapace widest opposite second coxae, where it is 151 
mm., narrowed m front to 106 just in front of first coxae Longi¬ 
tudinal thoracic groove clear and sinuous 
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Eyes —Posterior row of eyes gently procurved, anterior row 
somewhat recurved Posterior row longer than anterior row in ratio 
of 22 15 A single stiff bristle between AME Ratio of eyes AME 
ALE PME PLE « 2 55 5 5 AME separated from one another 
by almost their radius, nearly m contact with ALE PME sep¬ 
arated from one another by three fifths of their diameter, from 
PLE, by their radius Laterals separated by about one third of 
diameter of ALE (Fig 26) Central quadrangle wider behind than 
in front in ratio of 12 5, longer than wide in ratio of 7.6 Clypeus 
equal to about three halves of diameter of AME 

Cheltcerae —Outer margins of chelicerae parallel, inner distal 
comer truncate, basal segment about half as long as cephalothorax 
Boss prominent Retromargin with five small teeth (differences 
noticeable on two sides) Promargin with four teeth, second largest 
(Fig 20 A) Scopula of medium prominence along promargm Fang 
fairly stout 

Maxillary lobes — Parallel, gradually widemng from base toward 
apex, where they are only slightly dilated Palp inserted near base 
lap longer than wide in ratio of 8 7, extends about two thirds 
of length of the maxillary lobes 

Sternum — Longer than wide in ratio of 44 35, extends halfway 
between posterior coxae, where it ends m a point bearing a tuft of 
three or four bristles Anterior coxae wider apart than posterior 
coxae m ratio of 30 7 

Legs — 4123 Tibial index of first leg 12, tibial index of second 
leg 14 Ventral spines of first tibia 2 - 2 (a pair of apical bnstles 
may represent the pair of spines supposed to be characteristic of the 
genus), of second tibia Ir - lr, of third tibia 2 - lp - lr, of fourth tibia 
2-2-2 Ventral spines of first metatarsus 2-0-0, of second 
metatarsus the some, of third metatarsus 2 - 2 -1, of fourth meta¬ 
tarsus 2-2-0 Claw tufts and tarsal scopulae lightly developed 
throughout, scopulae extend as weakly developed brushes the length 
of the first two metatarsi, but are restricted to region of the preen¬ 
ing comb on metatarsi three and four Claws apparently similar, 
each with about five teeth 

Abdomen — Tracheal spiracle slightly closer to spinnerets t hs-n 
to genital furrow Abdomen elongate, oyoid Anal tubercle a 
fairly prommont cone. Anterior spinuerets yellow ish , a 

little longer than posterior spinnerets, which are brown. Character- 
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isttcs of the epigynum shown in Figure 13 This organ is distorted, 
and it is impossible to determine which half is the normal one 
Color in alcohol — Generally brownish Carapace well marked, 
with a central light strip from posterior eyes to posterior border 
nearly as wide as the posterior row of eyes m front, but somewhat 
narrowed behind the middle. A light stripe on each side of carapace 
just above margin extending forward to region between firet and 
second coxae The remainder is colored much darker, thus making 
two narrow submargmal dark stripes together with the two lateral 
dark stnpes and the three light stripes referred to above The whole 
pattern on the carapace recalls the markings of many Lycosidae, 
from which fact the specific name is derived The darker stripes 
are much flecked and streaked with more deeply colored areas 
Sternum is brownish and much flecked with darker patches Legs 
are much spotted and ringed with dark areas Abdomen is spotted 
with dark brown and yellow areas above, lighter beneath, centrally 
above there is a row of irregular spots increasing m size from ante¬ 
rior to posterior end 

Genus WULFILA Cambridge, 1895 
Wulflla dubla, sp nov 
(Figures 4,15, 29) 

Male holotype — Total length 4 32 mm Carapace 189 mm 
long, 1.40 mm. wide between second coxae, finely pubescent, rather 
flat, of nearly the same height until just behind the prominent lon¬ 
gitudinal thoracic furrow, from which it is steeply declivitous to the 
posterior margin * 

Eyes — In two rows Posterior row longer than anterior row in 
ratio of 27.22. ALE somewhat raised and projecting Seen from 
above posterior row slightly recurved, anterior row much recurved 
Ratio of eyes AME. ALE PME * PLE - 2 5 6*55 5 AME sep¬ 
arated from one another by their diameter; from ALE, by a little 
greater distance. PME separated by a little less than their diame¬ 
ter; from PLE, by about the same distance Laterals separated by 
one third of diameter of PLE Quadrangle wider behind than in 
front in ratio of 2:1, wider than long in ratio of 7.6 Clypeus 
equal to six fifths of diameter of AME. 

Chehcerae. — With basal segment 1.066 mm. long, divergent, 
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somewhat porrcct, distal half of basal segment excavated along 
inner dorsal margin as m Wulfila tropica Petrunkevitch, with boss 
Promargin with four teeth, first the smallest, second the largest, 
rctromargm with seven teeth having irregular distribution (Fig 29) 
Scanty Neopula along promargin only A small tuft of hairs on 
retromargm obscured by maxillary scopula A low tubercle nearly 
in middle on rctrolateral surface Fang long and somewhat sinuous 

Lip - Longer than wide in ratio of 17 12, sides nearly parallel, 
somewhat rounded distally, reaches just beyond the middle of max¬ 
illary lobes, anterior end nearly straight, with a few stiff convergent 
bristles 

Maxillary lobes — Almost twice as long as wide, concave along 
outer edge, palp inserted in proximal third, serrula long and extended 
laterally over the outer angles 

Sternum — Shield-shaped, almost equally wide between first and 
second coxae, sternal suture somewhat procurved, ends bluntly 
between posterior coxae, which are separated by nearly their width, 
longer than wide in ratio of 40 33, with three pairs of sigilla, moder¬ 
ately convex 

Ijegs — Long and slender, 1423 Tihial index of first leg 7, of 
fourth leg 8 Tibia of palp a little more than one and one third as 
long os the patella Ventral tibial spines of first leg 2-2 (one lack¬ 
ing on left tibia), of second leg same as in first, of third leg 1 -1 - 2 
(apical), of fourth leg 2-2-2 Ventral metatarsal spmes of first 
leg 2 2, of second leg the same, of third leg 2 - 2 - 2 and a preening 
comb, of fourth leg the same Nothing but vestiges of tarsal and 
metatarsal scopulae Claw tufts throughout of two rows, each of 
about seven tenent hairs Proclaw with five teeth, retroclaw with 
four 

Palp — Shown in Figure 4 Tibia with an apophysis which is 
short, broad, and with two points 

Abdomen —Long, ovoid Postabdomen is prominent Abdo¬ 
men covered with sparse stiff bristles more or less erect and recum¬ 
bent hair (both badly rubbed off in type) Tracheal spiracle a little 
closer to genital furrow than to spinnerets Anterior pair of six 
spinnerets stout and closely apposed, middle pair slenderer, but 
nearly as long os anterior pair, posterior pair slenderer and one 
third longer than anterior pair 

Color tn alcohol — Abdomen nearly white, with faint indications 
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of two dorsal dusty stripes, legs, cephalothorax, and palps deeper 
yellow Mouth parts brownish 

Female allotype — Total length 3 89 mm Carapace 1 02 mm 
long, 1 19 mm wide between second coxae, with longitudinal tho¬ 
racic groove, dark, procumbent hair sparsely distributed 

Eyes —Posterior row of eyes almost straight, anterior row 
recurved Eye group narrower than width of head in ratio of 25 32 
Posterior row of eyes wider than anterior row in ratio of 25 19 
ALE somewhat raised Ratio of eyes AME ALE PME PLE - 
2 5 4 5 4 4 AME separated from one another by three fifths of 
their diameter, from ALE, by about four fifths of their diameter 
PME separated from one another by their diameter, from PLE, by 
their diameter Laterals separated by the radius of PLE Clypeus 
about four fifths of the diameter of AME Quadrangle wider behind 
than m front m ratio of almost 2 1, wider than long in ratio of 
13 11 

Chehcerae — Parallel, with boss, promargin with five teeth, of 
which the last is very minute, rctromargin with seven teeth, first 
four closer, last three more openly arranged A rather scanty seop- 
ula on promargin, with a few isolated hairs on retromargin near 
inner end Fang evenly curved and of normal size 

Maxillae , hp, and sternum — Essentially as in male holotype 

Legs — 1 - 423 Tibial index of first leg 8, of fourth leg 10 
Ventral tibial and metatarsal spines as m male Other features as 
m mole, including color 

Ejngynum — Features shown in Figure 15 Rather coarse yel¬ 
low hair covers the epigynum, and this is cleaned away for draw¬ 
ing 

Four female and three male paratypes One female has four 
distinct dusky stripes on abdomen 

Wulfil* fragflis, sp nov 
(Figures 7, 8,31) 

Afofe holotype. — Total length 3 13 mm Carapace 140 mm. 
long, 119 mm wide between first and second coxae, gradually nar¬ 
rowed posteriorly, sharply narrowed anteriorly, where it is 0 04 mm 
wide at level of posterior eyes, with longitudinal thoracic groove 
faintly visible, quite convex, gently arched to near the posterior 
border 
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Eyes — Seen from above both rows of eyes nearly straight Lat¬ 
eral eyes scarcely elevated Ratio of eyes AME ALE PME PLE 
» 1 5 4 75 4 4 75 AME separated from one another by four 
thirds of their diameter, from ALE, by slightly more than their 
diameter PME separated from one another by five fourths of their 
diameter, from PLE, by slightly less than their diameter Laterals 
separated by the radius of PME Quadrangle wider behind than in 
front m ratio of 12 5, wider than long in ratio of 6 5 Clypeus 
below AME equal to twice the diameter of AME. 

Cheltcerae —Without visible boss, parallel, 0 533 mm long (basal 
segment) Promargm with five teeth quite variable in sise, second 
largest, third and fifth very small, retromargm with a row of very 
small teeth, probably eight, last one very minute and uolated (Fig 
31) Fang of usual proportions, evenly curved Scopula on pro¬ 
margin only, scanty. Small group of hairs on retrol&teral surface 
midway, covered by maxillary lobes Maxillary lobes parallel, longer 
than wide in ratio of 18 11, not very concave along outer border 
nor much dilated apically, palp inserted in basal third, aemila long, 
submargin al 

Lip — Longer than wide in ratio of 11 8, reaches a little beyond 
middle of the maxillary lobes, somewhat indented at apex 

Sternum. — Longer than wide m ratio of 17 15, widest between 
second coxae Anterior coxae wide apart, posterior coxae separated 
by a little more than their width Sternum ends in a blunt point, 
which extends completely between posterior coxae 

Legs —1423 Tibial index of first leg 6, of fourth leg 8 First legs 
very long and slender Tibial ventral spines of first leg 2 (irregular) 
- - 2 - - 2, of second leg 2 - - 2 - - 0, of third leg 2 - - 2 — 0, of 
fourth leg lp - - lp - - 0 Ventral metatarsal spines of first leg 
2 - - 2, of second leg the same, of third leg the same, of fourth leg 
2 - - 2 - - preening coijib. Claw tufts throughout, each of a very 
few tenent hairs Apparently scopulae are lacking in this species 
Characteristics of the palp are shown m Figures 7 and 8. The tibia 
is very broad and only a little longer than the patella 

Abdomen. — Ovoid as usual in these Wvlfilae from Panama. 
Spinnerets as usual. Tracheal spiracle about two fifths of distance 
from genital furrow to spinnerets 

Color in alcohol — Pale yellow throughout, with a few very faint 
dusky spots on abdomen 
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Wulfila maculata, sp nov 
(Figures 9,18, 24) 

Female holotype — Total length 4 0 mm Carapace 1 42 mm 
long, widest opposite second coxae, where it is 1 08 mm Longitu¬ 
dinal thoracic groove present Carapace rather low and flat, cephalic 
portion glabrous, thoracic portion covered with sparse yellow hair 
Eyes — Seen from above posterior row of eyes straight, anterior 
row recurved Posterior row longer than anterior row in ratio of 
11 8 Posterior row of eyes shorter than width of head at same 
level m ratio of 11 13 Ratio of eyes AME ALE PME PLE ■» 
3 5 9 8 8 AME separated from one another by a little less than 
their diameter, from ALE, by a little more than their diameter 
PME separated from one another by five fourths of their diameter, 
from PLE, by three fourths of their diameter Laterals separated 
by a little less than diameter of ALE Quadrangle wider than long 
in ratio of 12 11, wider behind than in front m ratio of 12 5 Clyp- 
eus just a little more than three halves of diameter of AME 

Cheltcerae —With well-developed boss, nearly parallel, with basal 
segment 0 64 mm long or about two fifths of length of carapace 
Promorgm with five stout teeth, retromargin with nine very small 
teeth the first four being crowded/the last five more widely spaced 
and somewhat larger (Fag 24) Scopula weakly developed on pro- 
margin only. 

Lip — Longer than wide in ratio of about 5 3, basal excava¬ 
tions reach about two fifths of the length of the organ, extends a 
little beyond the middle of maxillary lobes 

Maxillary lobes — Parallel, slightly convex along lateral border, 
slightly dilated apically, longer than wide m ratio of 2 1, palp in¬ 
serted near the base Sternal suture very strongfy procurved 
Sternum. — Longer than wide in ratio of 9 7, widest opposite 
first and seoond coxae. First coxae very wide apart, fourth coxae 
separated by about their width 

Legs — 1423 Tibial index of first leg 4, of fourth leg 7 Ventral 

spines of first tibia 2-2-2-0, of second tibia 2-2-0; 

of third tibia lr - - Ip - - 0, of fourth tibia lr - - Ir Ventral spines 
of first metatarsus 2 - 2 - lr, last one just distal to the middle, second 
metatarsus 2 - - lr - - 2 (last pair near the middle), third meta¬ 
tarsus 2--2 (irregular), fourth metatarsus 2~~2 (irregular) 
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Spines of this specimen arc difficult to determine with certainty 
Spines of a paratype female are different from those of type, and 
this casts doubt on the importance of these spmes as a thoroughly 
reliable specific character Claw tufts reduced to a few tenent hairs 
Claws two Scopulae on tarsi very much reduced 

Abdomen — Elongate-ovoid, with tracheal spiracle a little closer 
to genital furrow than to spinnerets Characteristics of the epig- 
ynum shown m Figure 18 

Color m alcohol — Abdomen, shown m Figure 9, is almost white 
dorsally, but ventrally it is marked with gray Carapace yellowish 
white Sternum with a broad strip of gray covering all but nar¬ 
row lateral margins, which are yellowish Lip, maxillary lobes, 
and chehcerae all yellowish Legs nearly all white or yellowish, 
except at the first tibio-metatarsal and metatarso-tarsal joints, 
where spots of black give a very charaetenstic appearance 
One female paratype in addition to the female holotype 

Wulfils modesta, sp nov 

(Figures 14, 25) 

Female holotype — Total length 4 21 mm Carapace 1 73 mm 
long, widest between first and second coxae, where it measures 1 3 
mm, 0 76 mm wide at level of posterior eyes, gently increases in 
height from posterior eyes to just behind the faintly visible longi¬ 
tudinal thoracic furrow, where it becomes declivitous to the posterior 
truncated margin Abdomen 2 48 mm long 

Eyes —Seen from above the posterior eyes almost straight, 
antenor eyes gently recurved Posterior row longer than anterior 
row m ratio of 4 3 Laterals slightly elevated Ratio of eyes 
AME ALE PME PLE * 1 75 4 3 75 3 75 AME separated 
from one another by their diameter, from ALE, by the same dis¬ 
tance PME separated from one another by fifteen sixteenths of 
their diameter, from PLE, by their diameter Laterals separated 
by diameter of AME Central quadrangle wider behind than m 
front in ratio of 2 1, wider than long m ratio of 10 9 Clypeus 
wider than the diameter of AME in ratio of 8 7 

Chehcerae — Parallel, with prominent boss, basal segment 0*64 
mm long Promargm with a row of seven teeth second largest, 
last very minute (Fig 25) Retromargm with a row of nine very 
minute teeth the first five closely crowded, the last four more openly 
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arranged Sropula weakly developed along promargin only Fang 
as usual m this genus from Barro Colorado 

Ltp — Longer than wide in ratio of 13 9, reaches beyond the 
middle of the maxillary lobes 

Maxillary lobes — Parallel, longer than wide in ratio of about 
2 1, only slightly concave along middle of outer margin, only a 
little dilated apically, with palp inserted on the basal third Serrula 
along whole distal lateral border 

Sternum — Longer than wide in ratio of 4 3, widest between 
second coxae, nearly as wide between first coxae Sternal suture 
only gently procurved Fourth coxae separated by their width 
Sternum ends bluntly between fourth coxae 

Legs — Legs are probably 1423, as in other closely related species, 
but m the type the first three pairs are lacking The paratype 
female (injured) indicates the leg formula as given above Tibial 
index of fourth leg 10 Female paratype shows ventral tibial spines 
of first leg 2-2-0, of second leg the same, of third leg 1 - - 2, 
of fourth leg lp - - 2 Female paratype shows ventral metatarsal 
spines of first leg 2 - 2 - 0, of Second leg the same, of third leg 2 - 2 - 
preening comb, of fourth leg same as third Claw tufts throughout 
Tarsal scopulae weakly developed 

Abdomen — Ovoid, with tracheal spiracle midway between gemtal 
furrow and spinnerets Spinnerets as usual in this genus Charac¬ 
teristics of epigynum shown m Figure 14 
Color %n alcohol — Pale yellow throughout 
One female paratype in addition to the holotype 

WuUUa pellucid*, sp nov 
(Figure 11) 

Female holotype — Total length 2 59 mm Carapace 1 08 mm 
long, widest between second coxae, where it is 0 81 mm m width, 
truncated at posterior end, narrowed in front, where it is 0 432 mm 
wide at level of posterior row of eyes No longitudinal thoracic 
furrow visible, apparently a shallow pit instead Abdomen 1 51 mm 
in length. 

Eyes — Seen from above posterior row of eyes slightly procurved, 
anterior row gently recurved. Laterals somewhat elevated Ratio 
of eyes AME ALE. PME: PLE - 15 3 5 3 3 AME separated 
from one another by two thirds of their diameter, from ALE, by about 
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the same distance PME separated from one another by their di¬ 
ameter, from PLE, by a little less than their diameter Laterals 
separated by about one third of diameter of PLE Quadrangle wider K 
behind than m front in ratio of 9 4, only very slightly wider than 
long Clypeus equal to about three fourths of diameter of AME 
Chehcerae — Parallel, without evident boss, scanty scopula on 
promargm only Fang groove very difficult to see without serious 
injury to the specimen Promargin (?), retromargm with four fairly 
stout teeth, last one the smallest Fang as usual m this genus 
Lap —Almost as wide as long, basal excavations reach* about 
one third length of lip, which extends just beyond middle of maxillary 
lobes 

Maxillary lobes —Parallel, longer than wide in ratio of 13.9, 
palp inserted near the middle, only Blightly concave along outer 
margin and only slightly dilated apically Serrula along nearly the 
entire anterior border Scopula weak and only on promargin. 

Sternum — Longer than wide in ratio of 5*4, widest between 
second coxae, almost as wide between first coxae, fourth coxae two 
thirds as wide apart as second. Sternum ends very bluntly between 
fourth coxae 

Legs — 1(?)423, first leg missing. Tibial index of fourth leg 11. 
Ventral tibia1 spines of second leg, a single spme near the middle, 
of third leg 0, of fourth leg 0 Ventral metatarsal spines of second 
leg 2-2 *-0, of third leg ip - - 0 - - preening comb, of fourth leg 
lr--Q-.-ip--preening comb Claw tufts throughout Only 
vestiges of tarsal scopulae present 

Abdomen — Ovoid, tracheal spiracle three sevenths of distance 
from genital furrow to spinnorets, spinnerets as usual m this genus. 
Characteristics of epigynum shown in Figure 11 

Color tn alcohol — Almost entirely umcolorous yellow, with slight 
variations m different parts of the body. 

Wulflla pulverulenta, sp nov. 

(Figures 5, 6, 80) 

Male holotype —-Total length 2 92 mm Carapace 1.30 mm. 
long, moderately convex and of nearly same height from posterior 
eyes to near the posterior end, where it slopes off precipitously, 
widest opposite second coxae, where it is 1.17 mm wide, narrowed 
m the cephalic region, where it is 0*556 mm. wide at level of posterior 
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row of eyes (thus much more nearly circular than m most speoies), 
longitudinal thoracic groove present but very inconspicuous, glabrous 
except at margins Abdomen 1.62 mm. long 

Eyes. — Seen from above, posterior row straight, anterior row 
somewhat recurved Posterior row longer than anterior row in 
ratio of 21 16 Laterals Blightly elevated. Ratio of eyes AME 
ALE PME PLE -175 45 45:45 AME separated from one 
another by a little leas than their diameter, from ALE, by about the 
same distance PME separated from one another by their diameter, 
from PLE, by almost their diameter. Laterals separated by al¬ 
most the diameter of AME Quadrangle wider behind than m front 
in ratio of 12 5, wider than long in ratio of 12 11 Clypeus nearly 
perpendicular and equal to about three halves the diameter of AME 
Cheltcerae — Nearly parallel, slightly concave on outer margin 
near the middle, with slightly developed boss, promargm with a 
row of five stout teeth, with the last two somewhat larger, retro- 
margin with eight very small teeth (Fig 30) Scopula as usual and 
on promargm only 

Lip —Longer than wide in ratio of 11 8, basal excavations 
reach to the middle 

MaxUlary lobes — Parallel, only slightly concave in middle of 
outer margin and only slightly dilated apically, longer than wide in 
ratio of 16 11 

Sternum — Broad in front, narrowed to a blunt point between 
posterior coxae. Widest between first coxae, 0.668 mm 

Legs — 1423. Tibial index of first leg 6, of fourth leg 8 Tibial 
ventral spines of first leg 2 - 2, of second leg the same Metatarsal 
ventral spines of first leg 2-2-0, second metatarsus the same 
Preening comb apparently on third and fourth metatarsi Two 
claws and claw tufts throughout Tarsal scopulae lacking or reduced. 
See Figures 5 and 6 for characteristics of palp. 

Abdomen. — Ovoid, tracheal spiracle about midway of distance 
from genital furrow to spinnerets, which axe normal 

Color m alcohol — Generally pale yellow throughout, with varia¬ 
tions in intensity of oolor. Carapace with broad dusty gray marginal 
etnpes, abdomen with two dorsolateral stnpes of the same gray on 
anterior half and two dim gray spots doraally near the middle. 

One mature and one immature male paratype, as well as the 
type. 
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Wulflla spinosa, sp nov 

(Figures 17, 27, 28) 

Female holotype — Total length 5 29 mni. Carapace 2 27 mm 
long, thoracic groove longitudinal, long and distinct Carapace 
widest opposite second coxae, narrowed anteriorly but not strongly 
so, covered with procumbent yellow hair Row of three bristles on 
each side just posterior to PLE obliquely placed One long and one 
short bnstle between AME Also row of bristles along clypeus, 
some broken, but probably at least six m row 

Eyes —Seen from above poBtenor row of eyes slightly pro- 
curved, anterior row slightly recurved Posterior row longer than 
anterior row in ratio of 31 24 AME alone diurnal Ratio of eyes 
AME ALE PME PLE - 2 5 6 5 5 5 AME separated from 
one another by a little more than their diameter, from ALE, by 
almost their diameter PME separated from one another by six 
fifths of their diameter, from PLE, by the same distance Laterals 
separated by the diameter of AME Quadrangle wider behind than 
m front in ratio of 2 1, wider than long m ratio of 8 7 Clypeus 
equal to eight fifths of the diameter of AME (Fig 28) 

Chehcerae —Of normal siae, with well-developed boss and a 
normal fang, promargin with four teeth, retromargin with seven 
teeth, first and last very small (Fig 27) Scopula only on promargin, 
fairly well developed 

Lip — Longer than wide in ratio of about 2 1, antenor border 
with a row of stiff bristles converging toward middle, reaches just 
beyond middle of maxillary lobes 

Maxillary lobes — Nearly parallel, only a little concave laterally 
and only mildly dilated apically, serrula long and marginal, palp 
inserted near the base 

Sternum, — Longer than wide in ratio of 6 5, ends bluntly be¬ 
tween posterior coxae 

Legs —4123 Tibial index of first leg 8, tibial index of fourth 
leg 9. First ventral tibial spines 2 --2, first ventral metatarsal 
spines 2--0--0, second ventral tibial spines 2--2, second 
ventral metatarsal spines 2--0--0, third ventral tibial spmes 
2 — 1 — 2; third ventral metatarsal spines 2--2--2; fourth 
tibia and metatarsus so injured as to be unfit for study of spmes. 
Claws two* Claw tufts throughout. First and second tarsi and 
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metatarsi scopulate throughout, acopulae extend weakly along first 
and second tibiae in two bands, scopulae very much reduced on 
third and fourth tarsi and represented on these metatarsi only by 
apical tufts 

Abdomen — 3 0 mm long, ovate, with scattered black bristles 
dorsally Anal tubercle prominent Tracheal spiracle about three 
sevenths of distance from genital furrow to spinnerets Epigynum 
as in Figure 17 

Color tn alcohol —Yellow throughout, legs somewhat darker, 
especially at ends of segments 

Albion Collecjk 

Albion, MirinaAN 
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AGE, GROWTH, AND MORPHOMETRY OF THE 
CISCO, LEUCICHTHYS ARTEDI (IE SUEUR), 
IN BLIND LAKE, WASHTENAW 
COUNTY, MICHIGAN* 

GERALD P COOPER 

B LIND LAKE, wluch is situated in the southeast corner of Sec¬ 
tion 1 of Lyndon Township, Washtenaw County, Michigan, is 
one of a senes of lakes that form the headwaters of the Huron River. 
This is a typical marl lake of approximately 60 acres surface area, 
with a reported maximum depth of about 00 feet The marginal 
area of water, 6 feet deep or less, varies from 10 to 100 feet in width 
At the west end of the lake there is a well-defined cove approximately 
5 acres in area, with a maximum depth of 25 feet The most im¬ 
portant of the food fishes of Blind Lake are the northern pike (.Eaox 
hums), the bluegill (Hehoperca macrochtra), the large-mouthed black 
bass (Apliiea salmotdea), and the cisco (Leucickthya ortedt). From 
the latter part of November through December night speanng of 
the cisco on the spawning grounds is a popular sport among the local 
fishermen A considerable portion of the cisco population spawns 
in the bay at the west end of the lake. 

The 162 ciscoes considered in this paper were collected 1 from 
their spawning grounds in the west bay on December J and 2,1984 
Of this number, 126 specimens were taken in a 280-foot experimental 
gill net composed of two 20-foot pieces of netting of each of the 
following stretched meshes II, lj, 21, 21, 2}, 31, and 4 inches 
This net was fished continuously from 6 f m on December 1 to 8 f u. 
on December 2 The remaining 27 specimens were taken by spear 
(from 8 f x. on December 1 to 3 a m on December 2 and from 6 f.m 

* A contribution from the Institute for Fisheries Research, the Department 
of Conservation, State of Miohigaa, and the Univenity of Michigan The 
writer wishes to thank Dr John Van Oosten and Dr Ralph Hits for their valuable 
criticism of the manuscript 

1 The collecting party included R. W Eschmeyer, Neil W Hoaley, Glen R. 
Brooks, and the writer 
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to 8 r m on December 2) This collection is presumably a random 
sample of fish that were on the spawning grounds during this penod 
Of the 152 specimens collected, 130 were examined immediately 
after they were taken from the lake The standard and the total 
lengths were measured (to the nearest one eighth of an inch), the 
sex and the stage of maturity were determined, and scale samples 
were taken from each fish The remaining 22 specimens were pre¬ 
served in 10 per cent formalin, and after four days were transferred 
to 70 per cent alcohol The lengths were measured (to* the nearest 
millimeter), the sex and the stage of maturity were determined, and 
scale samples were taken from these 22 specimens approximately 
two months after preservation For use in age and growth studies 
their lengths were corrected to allow for the shrinking effect of the 
preserving fluids by employing the corrective far tor 1 016 given by 
Van Oosten (1920) 


MORPHOMETRY 

Although a considerable amount of work has been done on the 
systematica of the* Coregomdae, the status of the different forms m 
this very plastie group is a perplexing and unsettled problem The 
species Leucichthys artedi is particularly confusing Koclz (1931) 
recognized twenty-four subspecies of ariedt occurring in northeastern 
America However, Hile (1936), by an intensive Htudy of cisco 
populations in Wisconsin lakes, has been able to demonstrate that 
the range of the various morphometric characters utilized by Koelz 
in distinguishing certain forms is very large m relation to recorded 
differences and, further, that these characters are subject to con¬ 
siderable fluctuation, varying with the* rate of growth of the individual 
fish Hile concluded that “the current elaborate systematization of 
the species set forth by Koclz (1931) is in large measure invalid n 
It is a certainty that many more data will be necessary before the 
coregonid taxonomist can amvc at a reliable systematic arrange¬ 
ment of the many coregonid forms For this reason the writer be¬ 
lieves it desirable to include morphometric data from the 22 specimens 
which were preserved and studied in the laboratory. These data 
are given m Table I The measurements and the counts on which 
they are based were made in the manner described by Koelz (1929). 
The proportions were calculated from measurements taken to the 
nearest millimeter 
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TABLE I 

Morphometric Data from 22 Specimens of Lsw ichthys ahtkdi 
from Bund Lake 

L * standard length, H * length of head, D * depth of bod>, 

8 » length of snout, M * length of maxillary, E * diameter 
of eyeball, PV ** distance between insertions of pectoral and 
ventral fins, and P *» length of pettoral fin 


Sex 

and ma¬ 
turity 

Age 

groups 

Stand- 
ard 
length 
m mm 

Gill 

rakers 

Lateral 

line 

scales 

L/H 



II/M 

U/E 

PV/P 

9 im 

0 

■9 

45 

90 

45 

50 

4 1 

m 

36 

20 

it 

I 

■9 

46 

83 

46 

4 5 

4 5 

Km 

Kit] 

19 

9 ad 

I 

■ 39 

47 

94 

45 

4 3 

40 

3 1 

Em 

20 

li 

II 

183 

48 

85 

4 1 

42 

41 

28 

38 

21 

« 

III 

180 

45 

90 

42 

42 

4 5 

rnim 

38 

2 1 

it 

111 

189 

45 

85 

43 

4 5 

44 

29 

37 

1 9 

tt 

111 

106 

49 

89 

m 

42 

42 

WFW 

38 

1 9 

tt 

II 

202 

47 

88 

44 

42 

42 

3 1 

42 

24 

cF ad 

II 

177 

47 

88 

42 

EQ 

42 

30 

38 

1 7 

41 

I 

176 

47 

83 

43 

4 1 

39 

29 

39 

20 

44 

II 

185 

45 

86 

EQ 

4 5 

40 

29 

34 

1 7 

44 

III 

189 

47 

89 

42 

42 

45 

30 

4 1 

21 

(4 

III 

192 

47 

85 

40 

4 2 

40 

30 

40 

1 7 

41 

II 

197 

48 

86 

eh 

46 

44 

29 

40 

21 

44 

II 

197 

45 

83 

EH 

46 

42 

29 

EQ 

20 

II 

! 11 

199 

45 

i 87 

EQ 

44 

43 

20 


19 

II 

! iv 

219 

49 

i 88 

EH 

43 

39 

27 

39 

19 

II 

Kfl 

219 

40 

83 

ill 

42 

43 

28 

39 

19 

II 

E9 

223 

42 

84 

41 

38 

42 

31 

EQ 

16 

II 

B8! 

224 

46 

82 

EQ 

44 

40 

27 

40 

19 

II 


229 

45 

i 86 

EQ 

40 

43 

31 

EQ 

1 9 

II 

■9 

246 

49 

; 85 

EH 

EQ 

4 1 

31 

HI 

19 

Mean | 

106 

46 4 

86 3 

429 

4 31 

4 2Cf 

2 95 

392 

194 


Koels (1931) recorded a single specimen of Lcuctchthys artedt 
from Blind Lake and stated that “The values found for the various 
systematic characters of this fish fall within the range of those for 
typical ariedi ” The averages of morphomotnc counts and measure¬ 
ments on Blind Lake ciscoes given in Table I fall within the range 
of corresponding data given by Koels for the subspecies ariedi 
However, for these Blind Lake ciscoes the average value for the 
number of gill rakers is lower, and the average values for the num¬ 
ber of lateral line scales and H/S are much higher than for the 
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various populations of the subspecies artedi recorded by Koels This 
population of ciBcoes from Blind Lake cannot be referred to any 
particular subspecies of artedt as described by Koels m his key 

AQB AND GBOWTH 

Beales taken from the same general body region (between the 
dorsal fin and the lateral line) from each of the 152 ciscoes were 
mounted in glycenne-gelatm Examinations for age determinations 
were made by the use of a projecting machine which magnified 
approximately thirty times Photographs of scales from Blind Lake 
ciscoes are shown in Plates LX and LXI There was no optical 
distortion m the imago projected by this machine For the purpose 
of computing the growth history of the individual fish measurements 
of the scale length within each annulus were made on a single scale 
from each fish These lengths were taken along the longitudinal 
axis of the scale and directly through the focus, and were recorded 
to the nearest millimeter For the computation of the length of 
the fish at the end of each growing season from the length of the 
scale within the corresponding annulus, the following direct propor¬ 
tional equation was employed 

Length of scato included m annulus of year x m Length of fish at end of year x 
TotaTlength of scale " Length of fish at time of capture 

Van Oosten (1929), m his intensive study on the age and growth 
of Leucickthys artedt m Lake Huron, found the use of this formula 
to be the most satisfactory known method of computing, for a given 
fish, its length at the end of any previous growing season In this 
formula the “length of fish at end of year z” is the unknown. 

The 152 ciscoes represented eight age groups (0-VII), although 
the great majority (84 per cent) of the individuals belonged to three 
age groups, II, III, and IV (see Table II) In length they ranged 
from 132 to 270 millimeters standard length (0§ to 13 inches total 
length); 122 individuals (80 per cent) fell within a range of 192 
to 230 millimeters standard length (9 to 10} inches total length). 
The scarcity m this collection of specimens of the 1933 and the 1934 
year classes (age groups I and 0 respectively) was undoubtedly due 
to the fact that these fish were immature and, therefore, were not 
present on the spawning grounds The smallest mesh of the experi¬ 
mental gill net (lj-inch stretched measure) would have captured 
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TABLE II 

Length Frequency Distribution (Standard Lengths in Millimeters) 
for Each Sex op Each Age Group of Blind Lake Cisooeb 


Frequency classes of thirteen millimeters are used 




Average 



Standard length frequencies 



















Age 

Sex 

ard 

127 

140 

163 

166 

170 

192 

206 

218 

231 

244 

257 

270 

283 

Total 



length 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 




In mm 

130 

162 

166 

178 

101 

204 

217 

230 

243 

266 

269 

282 

206 



Mule 

















Female 

182 

1 













1 

I 

Male 

170 





1 









1 


Female 

176 



1 


1 









2 

II 

Male 

100 





2 

8 

4 


1 





15 


Female 

108 





1 

6 

2 







8 

III 

Male 

207 





2 

11 

27 

6 

1 

1 




47 


Female 

■31 






6 

10 

2 


1 




10 

IV 

Mala 

217 







12 

12 

4 


1 



20 


Female 

212 







B 

3 






0 

V 

Male 

220 







1 

4 


2 




7 


Female 

236 







1 


1 


1 



3 

VI 

Male 

230 








3 

1 

8 

1 



8 


Female 

267 









1 


■ 


1 

2 

VII 

Male 

270 











■ 

1 


1 


Female 












1 




All 

Male 

213 




■ 

6 

10 

44 

24 

7 

6 

B 

1 


108 

All 

Female 

207 

1 


1 

■ 

2 

11 

19 

6 

2 

1 

1 


1 

44 

Rge 

Both 





■ 











group* 

imm) 

211 

1 


1 


7 

30 

63 

20 

0 

7 

3 

1 

1 

152 


many of the younger fish had they been abundant Further, several 
hours of observation made while spearing ciscoes during the night 
revealed that small ciscoes were generally scarce on the spawning 
ground The dommanoe of Groups II, III, and IV suggests that 
moat of the ciscoes in Blind Lake reach sexual maturity in their 
third and fourth years, and that after the fourth or the fifth year 
there is a high mortality, winch is no doubt in part due to the ex¬ 
tensive spearing carried on in the lake 

There was no significant difference in the average lengths of the 
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two Nexen m the age groups II-V inclusive (Table II) The numbers 
of specimens in the other age groups are not sufficient to justify 
conclusions pertaining to sex differences in growth Lengths com¬ 
puted from scale measurements likewise showed that males and 
females grow at the same rate (computed lengths by sex are not in¬ 
cluded in this paper) In a study of growth, data for both sexes 
may, therefore, be combined 

By usmg both computed and actual lengths a considerable number 
of data on rate of growth may be obtained from a relatively small 



Fig 15 Growth curve for Blind lake ciscoes baaed on average lengths (com¬ 
puted and actual measured lengths) at the conclusion of each growing season, 
with standard lengths in millimeters and total lengths in inches Total lengths 
were computed from standard lengths by usmg the conversion factor 1 19 

collection of fish These data for the Blind Lake ciscoes are given 
m Table III, and a growth curve based on the grand averages of 
standard lengths in millimeters, given in Table III, is presented in 
Figure 15 This figure also shows the growth in total length in 
inches * The curve for growth in length reveals a growth tendency 

1 The average total lengths were computed from the averages for standard 
lengths by employing the conversion factor 119 
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which ih typical for cisco populations in general There have been 
published results of age and growth studies on at least fifteen North 
American populations of Letwichihys artedt ,* and all reveal the same 
general trend of a relatively rapid growth in length during the first 
or the first and second years of life, with a gradual decrease in rate 
of growth during later years The first prominent decrease m rate 
of growth is usually coincident with the attainment of sexual maturity 


TABLE III 

Growth in Length fob Each Year Class, anp the Average Length 
ok Each Age Group of Blind Lake Ciscoes 

The last average for each year class is based on the actual lengths of fish when 
collected, all other averages given in the main part of the table are based on 
computed lengths, and the grand averages are based on both computed and 
actual lengths 


Year of 
hatchmg 

Age 

group 

No of 
specimens 

length in millimeters at conclusion of growing 
season 

1 

2 

3 

4 

5 

6 

7 

8 

1934 

mm 

1 

132 








1933 

i 

3 

112 

177 







1932 

ii 

23 

113 

169 







1931 

m 

66 

112 

164 


207 





1930 

IV 

38 

106 

154 


202 

216 




1929 

Ml 

10 

72 

116 


193 

214 

231 



192ft 

SBl 

10 

ft3 

125 

161 

196 

215 

228 

242 


1927 

elm 

1 

83 

147 

208 

228 

243 

256 

263 

270 

Grand averages 

■ 

wm 

156 

185 

ES 

210 

m 

244 

fgil 

Number of 

■ ■ 

UN 








specimens 


■ 

(161) 

(148) 

(135) 

(5J) 

(21) 

(U) 



A comparison of the calculated lengths at corresponding years 
of life as based on the different age groups (Table III) reveals that, 
in general, the average calculated length at any given year of life 
tends to become greater as the age of the fish upon which it is based 
decreases This tendency is particularly strong with respect to the 
calculated lengths for the earlier years of life For the ten specimens 
of the 1928 year class (Group VI) the average of computed lengths 
for fish at the end of the first year of life is 83 millimeters, for the 

1 A complete summary of this literature has been given by Hile (1936a) 
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1929 year class (Group V) this average is 72 millimeters, but for 
the 1930 to the 1933 year classes (age groups IV to I) the averages 
of computed lengths for fish at the end of their first growing season 
are 105, 112, 113, and 112 millimeters, respectively A similar in¬ 
crease m computed lengths, from the oldest age group to the youngest, 
is present for fishes at the end of their second, third, and fourth years 
of life This “apparent change in rate of growth/' Lee’s phenomenon, 
has been noted by many investigators for many species trf fish, and 
various explanations have been given to account for it Van Oosten 
(1929) presented a comprehensive review of the literature pertaining 
to Lee’s phenomenon of “apparent change in growth,” and made a 
detailed study of the problem with respect to the lake herring or 
cisco L artedt He concluded that, so far as the lake herring of 
Saginaw Bay is concerned, this phenomenon “seems to be largely 
the result of perfectly natural events m the life history of the fish ” 
He found that the hemng first reaches maturity during its third, 
fourth, or fifth year of life, depending upon individual rate of growth, 
the more rapidly growing individuals of any one year class attain 
maturity first It follows that the youngest year groups were repre¬ 
sented m the catch (from the spawning grounds) only by their biggest 
individuals and, as older age groups were considered, more and more 
of those fish that had been the smaller individuals m their earlier 
years appeared m the older groups Therefore the younger age 
groups contained a larger proportion of fast-growing fish than did 
the older groups and, consequently, the computed lengths for the 
early years of life would be greater in the younger age groups than 
in the older. The persistence of the phenomenon in the older age 
groups (in groups in which all individuals are mature) may be ex¬ 
plained on the basis of differential mortality, that is, on the assump* 
tion that the more rapidly growing fish die off earlier in life than 
the more slowly growing fish. 

If, as suggested by the data in Table II, most individuals of the 
Blind Lake population reach sexual maturity m their third and 
fourth years, then Lee’s phenomenon, as it appears in the sample 
collected, might justly be explained on the basis of selection ac¬ 
cording to sexual matunty and differential mortality correlated with 
growth rate Differences in growth for the different calendar years 
may also account m part for the phenomenon. It may be stated 
safely that this apparent change in growth was not due in any great 
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extent to errors involved in the use of the direct proportion equa¬ 
tion for length computation, particularly since the average scale 
diameters within the first annulus were actually much smaller in 
the older fish than in the younger ones In order to examine critically 
this apparent change in growth m the cisco population of Blmd Lake, 
it would be necessary to study collections taken over a period of 
years 

The apparently aberrant sex ratio (108 males to 44 females) of 
this collection of ciscoeB was probably due to the fact that males 
predominate on the spawning grounds during the early part of the 
spawning season, a phenomenon noted by Van Oosten (1029) 

University of Michigan 
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PLATES LX-LXI 



lies of lAutichlhyx artedi collected from Blind I-ake on December 1 
and 2, 1934, after the completion of the 1934 growing season. 
These two scales represent: (l)a rloe female at the end of its 




Leucichthys arledi collected from Blind Trfike on December 1 and 2, 1934, after th 
of the 1934 srrowina season. These three scales represent; (1) a spent female a 



THE EMBRYOLOGY OF THE SPLEEN 
IN AMI A CALVA* 

HARVEY De BRIJINE 
INTRODUCTION 

I NVESTIGATIONS on tho spleen of higher vertebrates have failed 
to clarify many of the problems related to its embryology, to the 
vascularization of its pulp, to the significance and the potentialities 
of its first cellular components, to its relations to the reticulo-endo- 
thelial system and other lymphoid organs, to its relations to mm, 
calcium, fat, lipoid, and antibody metabolism, and to the effect on 
the animal of its removal Many investigators have turned to the 
study of the spleen in lower forms m the hope of obtaining informa¬ 
tion that might aid in the correct interpretation of the organ in 
higher forms In the present investigation an approach to some of 
these problems has been made through a study of the morphogenesis 
and the histogenesis of the organ m one of our fishes, Amta calm 
The differentiation of its cell types has been followed, and an attempt 
has been made to interpret the findings on a functional basis 

The observations of Piper (11102a, 1902b, 1903) on the develop¬ 
ment of the spleen m Amta were incidental to his study of the de¬ 
velopment of the other visceral organs, and those of Robeson (1932) 
dealt only with hemopoiesis in the adult Among the more recent 
and important papers on the spleen in other fitfhes are those of 
Jordan (1924, 1933) and of Jordan and Speidel (1924a, 1930, 1931), 
which deal with the evolution of the organ and its relation to blood¬ 
cell formation Its histology has been descntied by Maximow (1923) 
in Acanthtan, by Hemmeter (1926) m A lopectas wipes , and by Scatizzi 
(1932) in Chvmaera monstrosa , and a comparative study of several 
forms was mode by Yoffey (1929) De Gaetani (1926) described 
the arterial terminations in the pulp of the spleen m Scylltorhtnus 
camcula The development of the organ was first described by 

* Contribution from tho Department of Zoology of the University of Michigan 
and Elmhurst College 
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Laguesse (1890) in Acanthtae and Trutla farto His findings have 
recently been confirmed by L6on (1932), who followed the history 
of the cell types by the use of vital stains Numerous papers dealing 
with the spleen in other forms have appeared, but they will be re¬ 
ferred to only so far as they have some bearing on the development 
of the organ m Anna Good reviews of the literature on the spleen 
are given by Theil and Downey (1921), Fowler (1924), Krumbhaar 
(1926), Von Skromlik (1927), and others 

Thanks are due to Professor Peter Okkelberg for his advice and 
encouragement throughout the whole of the investigation and to 
Dr Wilfrid T Dempster, Dr Wesley Clanton, Mr. Arnold Blaufuss, 
and Dr Carl L Hubbs for much of the material 

MATERIALS AND METHODS 

The spleen and related structures were Btudied m approximately 
170 individuals, varying in age from the time of hatching (6 5 mm 
body length) to maturity The sequence of the senes up to 20 mm 
vaned by a millimeter or less, and those above 20 mm by not more 
than 5 mm Correlation of the different phases of splenic develop¬ 
ment with early embryonic processes proved to be impossible be¬ 
cause of the advanced stage at which the splenic pnmordium makes 
its first appearance. Consequently total body length was chosen 
as an indication of age, admittedly a poor criterion, but sufficiently 
Accurate for the purposes of this investigation 

The macroscopic structure of the spleen was studied directly 
from dissections and from geometrical reconstructions of serial sec¬ 
tions The blood vessels were injected with color masses and India 
ink Injected specimens were fixed in Camoy's II and cleared %n 
toto with synthetic oil of wmtergreen. 

The microscopic structure was studied from section and smear 
preparations The tissues were fixed m Kolmer’s, Carnoy’s II, 
Holly’s, Zenker’s, and Wittmaak's fluids. Most of the sections 
were cut at 5 microns and stained with iron hematoxylin and 
eosm, Mallory’s tnple, Wright's, or Giemsa’s azure-eosm. From a 
group of half-grown to adult fish the following types of smear prep¬ 
arations of the splenic pulp were made. (1) fresh smears of cells 
suspended m Ranger’s solution, (2) smears, fixed by drying or by 
formalin vapors and stained with Wright’s or Giemsa’s asure-eosin, 
(3) spleen-blood serum smears (Isaacs, 1928) made by macerating 
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the aplemc pulp in blood serum, mounting the macerate, and then 
fixing and staining as m 2, (4) anatomical smears made by spread¬ 
ing the residue from thoroughly macerated spleen-blood serum mix¬ 
tures on a slide, drying it just enough so that it would stick, and 
then treating the preparation as m 2 Excellent preparations of the 
reticulum were obtained by this method The resulting distorted 
shape of the cells is an obvious disadvantage of this method, but this 
is compensated for by the fact that the cells, with their long cyto¬ 
plasmic processes, are isolated from the pulp cells, so that the reticu¬ 
lum cells may be studied in their entirety instead of in fragments, 
as in serial sections 


MORPHOGENESIS 

In this investigation Piper’s (1002a, 1902b, 1003) and Robeson’s 
(1032) observations have been confirmed m the mam, but elabo¬ 
rated m detail and reinterpreted in the light of more recent research 
For convenience of description it has seemed desirable to refer to 
the various stages of splenic development as "the long mesenchyme 
bed,” the "club-shaped spleen,” and the “hooked spleen ” 

The Long Mesenchyme Bed 

The splenic pnmordium appears first in larvae of about 7 5 mm 
body length as an elongated band of mesenchyme following the 
course taken by the subintestinal vein. The anterior end lies on 
the left aide of the intestine, and it spirals ventrally so that its 
posterior end lies on the right side of the gut The mam axis of the 
pnmordium makes an angle of about 40 s with the mid-eagitt&l body 
plane. Before the larvae are 10 mm in body length, the exact 
limits of the splenic area are rather indefinite, "however, the pn¬ 
mordium becomes conspicuous by a condensation of its mesenchyme 
and an accompanying increase in the mitotic divisions of its cells. 
The splenic primordium lacks an arterial supply at this early age 
(PI LXII, Fig 1), and its vascularisation is entirely venous in char¬ 
acter. The original subintestinal vein has differentiated into the 
anterior (dorsal) and the posterior (ventral) intestinal veins and the 
newly developed splenic vein joins the latter along the posterior 
third of the splenic primordium. No secondary branches leading from 
the splenic primordium an notioeable at this age. 
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The Club-Shaped Spleen 

In larvae between 12 and 13 mm body length there occur a 
more pronounced condensation and a localization of the splenic pri- 
mordium This change is characterized by a marked increase in 
the number of cells in the spleen The general development, how¬ 
ever, takes on a different aspect In the earlier stages there was a 
crowding of the increasing number of mesenchyme cells into a more 
limited space, but now the spleen is beginning to change its shape 
by localized growth, finally resulting in a reduction m the total 
length of the organ The change m the shape of the splenic pri- 
niordium from a long mesenchyme bed to a shorter, thicker, and 
more condensed form (PI LXII, Fig 2) suggests the “club-shaped” 
spleen of Piper's descriptions, and I have adopted this designation 
The two ends are heavier than the central region, and the anterior 
end is slightly larger than the posterior As a result of the bending 
of the intestine, the organ becomes relatively straight In position 
it is almost parallel to the axis of the intestinal spiral and the mid- 
sagittal plane of the body, however, its antenor end lies at a more 
ventral level (about 40°) than its posterior end The organ as a 
whole has begun to separate from the intestinal wall, and it may 
now be considered an independent constituent of the viscera Dur¬ 
ing the progress of this separation an omental connection is retamed 
along the whole length of the organ 

At this age all the fundaments for the vascularization of the 
spleen are definitely formed, but the actual blood supply of the 
organ is still principally venous in character The splenic vein 
receives a few secondary branches from within the organ, but the 
splenic artery, which has differentiated and lies parallel to the vein, 
is without secondary vessels penetrating the organ (PI LXII, Fig. 
2) The intestinal vessels of this region he in the omentum, and in 
some cases they appear to follow the organ during its separation 
from the intestine, but this relationship is only a temporary one 

The Hooked Spleen 

In larvae 13 5 mm m length there is an approach to conditions 
as they are found m the adult. The general shape of the spleen 
may be described as “hooked' 1 (PI LXII, Fig. 3). The bending of 
the intestines to form the first complete loop and the accompanying 
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torsion or twisting have brought the hooked spleen from a position 
ventral to the intestinal tract, to a position just dorsal to the junc¬ 
tion of the large and small intestines Its main axis, which was 
formerly more or less parallel to the axis of the intestinal spiral, is 
now plainly perpendicular to the latter The spleen has also shifted 
in its relations to the mid-sagittal plane, and the antenor end now lies 
to the right The antenor half of the organ is predominantly larger, 
its tip is bending to the loft and ventrally The posterior half 
remains slender, and its tip also bends ventrally, thus maintaining 
its original relationship to the inner curvature of the spiraling intes¬ 
tine The omental support of the hooked spleen is narrowing down 
and is attached to only the antenor and central regions of the spleen 
The major blood vessels of the splenic region ho in the mtes- 
tinosplemc omentum The postenor intestinal artenes and veins 
approach the central region of the spleen, but the splenic artery and 
vein are very closely associated with the postenor lobe of the spleen 
The splemc artery may have two to four secondary branches pene¬ 
trating the splemc tissue, and the vein may receive as many as 
fifteen secondary branches from the spleen 

In the 14 5 mm larva the position and the shape* of the spleen are 
the same as in the adult Figure 4 (PI LXII) represents these defini¬ 
tive conditions With continued looping of the intestine the ante¬ 
rior end of the spleen is carried to the left again, so that its major 
axis now lies almost parallel to the mid-sagittal body plane The 
organ as a whole lies just antenor and dorsal to, and is closely 
attached to, the junction of the large and small intestines This 
position is retained throughout the life of the animal The antenor 
end of the organ has grown considerably both toward the nght and 
ventrally It constitutes the antenor lobe and has hot been observed 
to subdivide further into lobules With its increase in size it becomes 
plainly visible m a ventral view of the visceral organs, where it lies 
just antenor to the intestinal junction, and postenor and ventral to 
the postenor tip of the cardiac stomach Similarly, the postenor 
tip of the spleen, or postenor lobe, is visible ventrally, even though 
it lies back of the mtermtestinal omentum and within the postenor 
intestinal curvature The oentral sector, or middle lobe, is char- 
actensed by a hilum along its left ventral edge It retains its close 
relations to the intestinal junction by the attachment of the mtes- 
tmosplenic omentum, which is confined to the hilum. 
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At this stage (PI LXII, Fig 4) the original splenic artery and 
vein join the posterior intestinal artery and vein at nght angles at 
the hilum and have become incorporated within the organ Sec¬ 
ondary branches increase m number by constant subdivision, but 
no characteristic plan of arrangement can be recognised among 
them 


Discussion of Morphogenesis 

The position of the spleen in the adult Amia must be considered 
extraentenc as described by Jordan (1924) This is similar to the 
conditions found in elasmobranchs, other ganoids, and teleosts 
During development there is a constant change in position with 
increasing age The long mesenchyme bed and the club-shaped 
spleen lie ventral to the intestinal tract, but the hooked spleen lies 
dorsal to it These changes are not the result of the movements or of 
the migration of the spleen itself, but of the twisting and looping of 
the intestinal tract The position of the long mesenchyme bed is 
determined by the course of the subintestinal vein, while the posi¬ 
tions of the club-shaped and the hooked spleens are determined by 
the attachment of the intestmosplenic omentum and its relations 
with other visceral organs The anterior lobe of the hooked spleen, 
as in the adult, is crowded ventrally by the posterior tip of the 
stomach More posteriorly the intestinal loop forces the posterior 
lobe of the spleen into the small space between the large and the 
small intestines just posterior to their junction, and consequently 
its chance for free growth is limited 

The vasculansation of the spleen described for each of its phases 
of development must be interpreted in the light of conditions as 
they are found in the adult In general, the vessels may be desig¬ 
nated as forming the extrinsic and the intrinsic systems. The 
former includes the vessels that are found near the hilum and out¬ 
side the organ, namely, the posterior intestinal arteries and veins 
(PL LXII, Fig 4), and these veins include those which are incorpo¬ 
rated within the organ and enter at the hilum, namely, the splenic 
arteries and veins with their primary, secondary, and tertiary 
branches The development of the arteries is not synchronised 
with the development of the veins in the early stages. The details 
of this process will be discussed later. 
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The Origin of the First Cellular Components 

The first cells that contribute to the formation of the splenic 
pnmordium may easily be traced back to the mesenchyme cells 
along the outer wall of the subintestinal vein However, m larvae 
between 6 and 7 5 mm body length the mesenchyme has not yet 
invaded this area (PI LXIII, Fig 1) At this stage the coelomic 
epithelium consists of a fairly distinct single layer of cells The 
nuclei of its cells are round to oval, and slightly larger than those 
of the mesenchyme cells The pen-mtestinal mesenchyme is a homo¬ 
geneous loose-celled tissue clearly set off from the intestinal epithe¬ 
lium by a distinct basement membrane The nuclei of the tissue 
are round to oval m section and may each contain one or two nucle¬ 
oli, the cytoplasm is slightly granular, and cell membranes are 
indistinguishable The beginnings of the submtestmal vein may be 
recognised by its differentiating endothelium, which is elearly defined 
only on the proximal surface of the vessel On the distal surface the 
endothelium is in( omplete, and there is free communication between 
the luinina of the differentiating vein and that of the venous yolk 
plexus The young blood cells m the vessel have presumably been 
derived from the blood islands on the surface of the yolk mass 

In larvae between 8 and 9 mm in length the pen-intestinal 
mesenchyme, from which the splenic pnmordium onginates, has 
just begun to differentiate in the area between the coelomic epi¬ 
thelium and the endothelium which forms the distal wall of the 
vein (PI LXIII, Fig 2). The nuclei of these cells are smaller and 
less conspicuous than those of the neighbonng mesenchyme cells, 
and their cytoplasm is relatively clear and completely fills the 
interspaces Irregular masses of the cells may project into the 
lumen of the vein in the regions where the endothelium is still incom¬ 
plete. The coelomic epithelium is now a distinct layer, and fonns a 
complete covering for the early splcmc pnmordium 

The Long Mesenchyme Bed 

The coelomic epithelium, the primordium of the capsule, changes 
very little during this stage, except that the nuclei seem to project 
more prominently into the coelomic cavity, giving a pebbled effect 
to the surface of the organ (PI LXIII, Fig 8). The mesenchyme 
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cells multiply actively by mitosis to form the pulp, the most con¬ 
spicuous part of the organ The great majority of its cells have 
very lightly stained and inconspicuous nuclei These seem to be 
differentiating into the reticular tissue of the pulp A few other 
cells, having large, oval, slightly reticulated nuclei with a moderate 
amount of basophilic cytoplasm, apparently are young stages of the 
erythrocyte senes or lymphomyeloid hemoblasts, as desenbed by 
Robeson (1932) in the adult Amia 

At this time small irregular clear space's begin to appear between 
the mesenchyme cells These tissue spaces or lacunae increase in 
size by a pushing back of the neighboring cells The cells on their 
surface tend to flatten and form a pseudoendothehal lining Several 
adjacent lacunae have been observed to fuse into larger lacunar 
spaces Occasionally a hemoblaBt migrates into the lacunar space 
and immediately matures into an erythrocyte 

The endothelial lining of the subintestinal vein remains essen¬ 
tially as in earlier stages Occasional hemoblasts from the splenic 
pulp enter the lumen of the vessel along its diBtal wall, where the 
endothelium is still incomplete 

The Club-Shaped Spleen 

This stage m splenic histogenesis (PI LXI1I, Fig 4) is character¬ 
ized by a continuation of lacunar differentiation in the pulp, by 
fusion of the lacunae to form more extensive sinusoidal spaces, and 
by the fusion of some of these spaces with the lumen of the splenic 
vein This fusion occurs in the regions where the distal endothelial 
wall is not completed by a true endothelial hmng and is a significant 
phase in splenic development because it results in the establishment 
of a communication between the deeper parts of the splenic pulp 
and the general venous circulation The splenic artery, which has 
differentiated, lies m the pen-intestinal mesenchyme, but has no 
branches extending into the pulp (PI LXIII, Fig 4) It contains 
blood cells, and its endothelial lining is very distinct. It differen¬ 
tiates by an apical growth of its tip, which penetrates between the 
mesenchyme cells 

In this stage a new type of cells is differentiating from a few of 
the mesenchyme cells of the pulp They are considerably larger 
than other cells, their cytoplasm contains acidophilic granules, and 
their nuclei are spherical and have a lightly reticulated chromatin 



The Spleen m Anna calva 581 

network They resemble the early stage of an eosinophil as described 
by Robeson (1932) 

Another change which is begun at this age is the deposition of 
isolated masses of dark brown granular pigment in the Bplenic pulp 
Each of these masses is composed of from 30 to 50 granules These, 
however, are not peculiar to the splenic tissue, but appear in the 
body wall and other organs as well 

The Hooked Spleen 

In the development of the splenic capsule its outer component, 
the single layer of mesothehal cells derived from and continuous 
with the peritoneum, remains almost unchanged It covers the 
entire organ except at tin* hilum Growth of the organ, however, 
has resulted m a stretching of these cells, so that they form a layer 
only 4 to 6 microns in thickness, with nuclei appearing spindle- 
shaped in sections In larvae of 16 to 20 mm body length there is 
a differentiation of the mesenchyme cells beneath the visceral meso- 
thelium to form the second component of the capsule, namely, the 
collagenous connective tissue layer Its fibrils take on a bluish color 
in Mallory's triple connective tissue stain Their differentiation 
continues until the larvae are about 50 mm in length, when the 
adult condition seems to be established The whole fibrous layer 
may vary in thickness from 6 to 10 microns It is difficult to make 
out the limit of its inner surface, since the underlying reticulum is 
attached to and is continuous with it The reticulum m these pe¬ 
ripheral regions of the pulp is comparatively coarse, and when 
studied m sections shows some clear spaces These probably belong 
to a system of subcapsular lymph channels No muscle cells have 
been observed in any stage of capsular development 

The differentiation of the pulp of the hooked spleen into the two 
major regions described by Robeson (1932) m the adult spleen, 
namely, the white pulp or lymphoid cords which follow the course 
of the main blood vessels, and the red pulp or myeloid tissue which 
fills in all the interspaces, does not become apparent until the fish 
is almost half grown. In the earlier stages, 14 5 mm larvae, only 
the red pulp or myeloid tissue exists It consists of a basic frame¬ 
work of mesenchymatous cells, which retain their embryonic char¬ 
acteristics until the larvae ore about 17 to 20 mm long Then those 
cells which are destined to become part of the permanent framework 
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of the pulp differentiate This change can be detected in the appear¬ 
ance of collagenous fibrils in their cytoplasm, similar to those described 
for the capsule, but in the 25 mm larvae it is found throughout the 
pulp as in the adult (PI LXIV, Fig 1) It should be noted that 
this true reticulum is the supporting framework for the pulp, and its 
component strands of tissue make a veritable meehwork or net, in 
the meshes of which the free elements of the pulp are lodged There 
is no evidence of the trabecular development which is characteristic 
of the spleens of higher vertebrates The undifferentiated mesen¬ 
chyme (^ells which retain their embryonic characteristics have been 
interpreted by various investigators (Laguesse, 1800, Jordan and 
Speidel, 1030, and others) as stem or mother cells of the future 
hemoblasts and especially of the lymphocytes 

Multiplication of the hemoblasts by mitosis and their differenti¬ 
ation into all types of blood cells continues as m the earlier stages 
ErythropoiesiH proceeds at the normal rate, and the great increase 
m the number of mature erythrocytes in the interstices of the retic¬ 
ulum can be accounted for only by the establishment of an artenal 
supply to the splenic pulp (to he described later) and an influx of 
these cells from the general circulation Leucopoiesis, or the forma¬ 
tion of granulocytes, as they are named by Robeson (1032), con¬ 
tinues in part in the pulp The eosinophils especially are more 
numerous and conspicuous in the lumina and walls of the veins, the 
pen-intestinal mesenchyme, and the omentum Evidence seems to 
indicate that their progenitors are the large cells found in the lumen 
of the splenic vem of the club-shaped stage The special granulo¬ 
cytes, which originate from the granuloblasts, tend to remain in 
groups of three to six in the pulp. Many contain ingested erythro¬ 
cytes and pigment granules indicating phagocytic activity Basophils 
ore also present They are very heavily granulated and may also 
contain remnants of the red blood cells Eosinophils with bacillary 
granules, monocytes, and thrombocytes, described by Robeson (1032) 
from the blood stream of the adult, could not be identified in the 
developing splenic tissue 

The masses of brown pigment, which first appeared in the club- 
shaped spleen, form a third component of the red pulp. These 
masses increase in number and sise, and may at this stage contain 
50 to 100 granules each Their relations to any of the splenic cells 
remain obscure and no satisfactory explanation of their origin could 
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be obtained They resemble closely the pigment found in other 
parts of the body 

The lymphoid regions of the pulp do not become apparent until 
the young fish is at least 150 mm long Then great numbers of 
both the large and the small lymphocytes appear as isolated nodules 
near some of the smaller blood vessels These masses grow and fuse 
with one another, so that in the adult spleen about half of the pulp 
is lymphoid in character According to Robeson (1932), the small 
lymphocytes are derived from the larger type Jordan (1933) con¬ 
tends that in tclcosts they may differentiate into other types of 
blood cells after entering the blood stream and that both types 
originate from the hemoblasts This contention holds for the young 
Anna as well In sections of the spleen the lymphocytes are very 
abundant, but the number of cells in mitosis is very small, con¬ 
sequently local division can scarcely account for their great numbers 

During the development of the blood vessels in the hooked spleen 
the veins remain quite independent of the arteries, although the 
major intrinsic vessels, the splenic artery and vein, lie parallel to 
each other in the hilar region In the pulp no constant plan of 
arrangement has been recognised among their branches 

The early development of the intrinsic venous trunks has been 
traced to the sinusoids of the club-shaped spleen In the hooked 
spleen the structure of the vessels characteristic of the adult is soon 
established The larger venous trunks, in the spleens of larvae 15 
to 18 mm long, acquire a definite endothelial lining which differ¬ 
entiates directly from the flattened and exposed mesenchyme cells 
At the same time some of the underlying mesenchyme cells differ¬ 
entiate into a thin layer of supporting connective tissue with col¬ 
lagenous flbnls such as has been described for the capsule In the 
half-grown fish a thin layer of circular, smooth muscle fibers appears 
between the endothelium and the fibrous connective tissue layer to 
complete the structure of the larger intrinsic veins The termina¬ 
tions of the veins m the pulp resemble the embryonic conditions m 
that the endothelium gradually blends into the reticulum and the 
lumina remain m direct communication with the open spaces or the 
venous sinuses of the pulp (PL LXIV, Fig 2) Openings, or stomata, 
of this type also occur in the sides of some of the smaller venules 

The important histogenic feature of the hooked spleen is the 
establishment of an arterial supply to the pulp In the 13.5 mm 
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larvae the first two branches of the splenic artery penetrate the 
pulp from the outside and enter at the lulum They appear to have 
a growing tip which forces aside the mesenchyme and free elements 
of the pulp It is interesting to note that an erythrocyte usually 
lies within the tip of the growing point and probably aids in expand¬ 
ing the lumen The mesenchyme cells along its path differentiate 
to form the fibrous connective tissue layer of the vessel At the 
hilum the fibrous layer is continuous with the connective tissue of 
the mam extrinsic artery and the splenic capsule It has been called 
the hilar sheath by Whiting (1807) Collagenous fibrils, which 
become contmuous with those of the reticulum, appear m its cells 
in the 17 mm larvae In the adult the fibrous layer is ten to twenty 
times as thick as the corresponding layer of the veins In the half- 
grown fish circular and longitudinal muscle fibers appear in the walls 
of the larger arteries, but their development was not followed 

The terminations of the intrinsic splenic arteries m the pulp arc 
different from the veins because they develop as a closed system 
of tubes, hence some means other than the usual capillary system 
is devised to complete the vascular circuit Soon after the vessels 
have penetrated the pulp, m 13 5 to 20 mm larvae, they branch 
and rebranch irregularly to form arterioles These arterioles lack 
the muscular layer, and their iumina are about 16 to 20 micra in 
diameter In the 25 to 50 mm larvae two to four thick masses of 
the mesenchyme cells radiating from the ends of the artenoles tend 
to become clear of all cytoplasmic granules, and their nuclei stain 
lightly. The blood cells arc pushed aside, suicc a small branch of 
the arteriole grows into each of these regions The arterial ends are 
ellipsoids (PI LXIV, Fig 3) Within the ellipsoids the endothelium 
blends with the reticulum and loses its characteristics as a lining 
membrane The Iumina remain very narrow, and the distal ends 
come into direct communication with the open sinusoid spaces of 
the pulp Later disintegrating erythrocytes and isolated pigment 
granules are frequently found in the walls of the ellipsoids Yoffey 
(1029) and Scatizei (1932) both claim to have found deposits of 
lipoid granules m the ellipsoids Figure 3 (PL LXIV), taken from 
the spleen of the adult, shows a branch of an arteriole and the major 
part of three ellipsoids In the lower ellipsoid the open communi¬ 
cation with the pulp spaces is apparent In the upper ellipsoid a 
degenerating erythrocyte can be seen The final result is the estab- 



585 


The Spleen tn Anita calva 

lishment of an open vascular circuit through the splenic pulp and 
an influx of blood cells, especially erythrocytes, from the general 
circulation into the open meshes of the reticulum 

Discussion of Histogenesis 

There has been some difference of opinion regarding which germ 
layer gives rise to the spleen, and the controversy has centered 
principally around the spleen of ganoids There are thorn 1 who 
believe in an entodermal origin, whereas others maintain that the 
ongm is entirely mesodermal The literature on this subject has 
been summarized by Thiel and Downey (1921) My observations on 
the development of the spleen in Amia lead me to agree with those 
who maintain that the organ is of mesodermal origin, and they eon- 
firm especially the conclusions reached by Piper (1902a, 19025,1903), 
who worked on the same form The splenic pnmordium m Ami a 
takes its ongin from the mesenchyme along the outer wall of the 
subintestmal vein Piper referred to this fundament as the long 
mesenchyme bed This terminology I have adopted L6on (1932) 
holds that the vaseular endothelia give rise to splenic mesenchyme 
In Amia the evidence indicates that there is a migration of the pori- 
intestinal mesenchyme into the potential splenic region and that this 
is followed by a rapid proliferation of the mesenchyme cells, some 
of which differentiate into endothelial cells, quite in contrast to the 
view held by L6on 

With regard to the splenic capsule, my observations indicate that 
its two main components, the mesothelumi and the underlying <ol- 
lagcnous fibrous connective tissue, each arise' from different sources 
The former is continuous with and domed from the coelomu epi¬ 
thelium It remains as a thin single-layered epithelium and in the 
adult appears as a smooth glistening peritoneal covering m every 
way similar to that of the other visceral organs The fibrous layer 
is a derivative of the mesenchyme of the pulp and develops con¬ 
siderably later (18 mm larvae) Laguesse (1903) made an extensive 
study of the development of the capsule* in Acanthtas , and came to 
the conclusion that the collagenous fibrils of the capsule originated 
as a hyalimzation and a solidification of some precollagenous material 
in the mesenchyme cells A study of sections of the spleen of Amia f 
which were stained with Mallory's triple connective tissue stain, in¬ 
dicates that the conclusion reached by Laguesse is correct This 
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transformation, which takes place gradually, begins in certain pe¬ 
ripheral or subcapsular regions of the organ and around the larger 
blood vessels and then spreads slowly through the entire pulp In 
successively older stages the affinity for the aniline blue increases 
both m intensity of the stain and in amount of material stained 
This process occurs simultaneously with the penetration of the ar¬ 
teries into the pulp, but it is doubtful whether there is any physiologic 
relation between the two processes, since the arteries are closed tubes 
at this tune and the blood does not have a free circulation through 
the pulp 

Whiting (1897) called the thick layers of connective tissue sur¬ 
rounding the mam intrinsic arteries an involuted hilar sheath He 
believed that this sheath was dcnved directly from the capsule of 
the organ, and he placed considerable emphasis upon this inter¬ 
pretation My study of this layer in Amia indicates that it. develops 
in si tu and that there is no involution of the capsule to form it It 
is continuous with the capsule, but it is also continuous with the 
homologous layer in the extrinsic part of the artery However, 
Whiting was correct in his suggestion that the major blood vessels 
do offer some support for the pulp through their relations with the 
reticulum 

The major regions of the splenic pulp in fishes are generally de¬ 
scribed as the white or lymphoid regions and the red pulp or Bill¬ 
roth cords Yoffey (1929), working on the spleen of elasmobranchs, 
describes three regions, namely, the lymphoid, the pulp, and the 
ellipsoids Most earlier workers considered the ellipsoids a part of 
the arterial system Hemmeter (1926), m hus study of Alopecias 
vtdpeSf speaks of them as hemolytic islands In the adult Amia the 
ellipsoids are directly connected with the ends of the artenoles; how¬ 
ever, m development they are derived from the mesenchyme cells 
and acquire their relations to the arteries secondarily Yoffey’s in¬ 
terpretation of them as separate regions in the splenic tissue is 
correct, but of little significance. 

A study of the cell types found in the splenic pulp involves a 
careful analysis of questions relating to hemopoiesis, cell lineage, 
hemolysis, pigment formation, and differentiation of mesenchyme 
cells It is beyond the scope of this investigation to consider blood¬ 
cell formation and destruction in detail, but a few general observa¬ 
tions have been included m the light of Robeson’s description (1982) 
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of hemopoiesis in the adult Amta Most of his interpretations, so 
far as they involve the spleen, have been substantiated 

An interesting observation has grown out of the comparison of 
the eiythroblasts found in the ordinary anatomical smear prepara¬ 
tions with those found m spleen-blood serum smear preparations 
In the latter the erythroblasts respond by maturing mto erythrocytes 
and also by entering mto mitosis There apparently is some stimulus 
in the latter treatment which calls forth these responses Jordan 
and Speidel (19246) concluded from their studies on intravascular 
maturation of the erythroblasts that the necessary stimulus was 
contact with the blood stream and a lower carbon dioxide concen¬ 
tration It is possible that similar conditions may be operative in 
the spleen-serum technique 

An analysis of the development of the early mesenchymal cells 
indicates that these must be interpreted as the polyvalent parent 
cells of the various elements of the splenic pulp Evidence for this 
has been presented, and it has been shown that they may differen¬ 
tiate mto endothelial, reticular, hemoblast, and ellipsoidal cells and 
that they may also produce pigment The parent cells do not dis¬ 
play any characteristics by which their subsequent fate might be 
determined They divide actively to produce more cells of the same 
kind even in the adult spleen or they may differentiate at any tune 
into the definitive types This view is also supported by Jordan in 
several recent publications, and he goes a step further by contend¬ 
ing that the lymphocytes are the mother colls for all types of blood 
cells 

I can add little to the question of the origin of splenic pigmenta¬ 
tion General observation indicates that there jue two types of 
pigment The isolated dark brown granular masses first observed 
in the club-shaped spleen may be secretion products of certain cells 
of the splenic pulp The other type of pigment is found in the cells 
of the ellipsoids and in certain granulocytes Krumbhaar (1926), 
Yoffey (1929), Scatiui (1933), and others have presented clinical 
and experimental evidence which indicates that these granules may 
be disintegration products of hemolysis of the senile erythrocytes 
In Amta these granules and decomposing red blood cells are found 
m the granulocytes and in the ellipsoids at the same time 

The development of the blood vessels supplying the spleen m 
Amta indicates that there is a close functional relationship between 
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the organ and the vascular system The vessels enter the hilum and 
branch extensively to supply the pulp, where they form an “open” 
circulation through the meshes of the reticulum Thiel and Downey 
(1921) have given an accurate summary of the conflicting opinions 
regarding the terminations of the finer vessels within the spleen 
of various vertebrates Modem investigators such as Krumbhaar 
(1926), De Gaetam (1926), Tait (1927), Yoffey (1929), McNee (1931), 
and Scatizzi (1932) all ha\e come to the conclusion that an “open” 
circulation exists through the splenic pulp in fishes, a conclusion to 
which the earlier workers were not reconciled 

The intrinsic splenic veins begin their development about the 
same time that the splenic pnmordium first appears Their differen¬ 
tiation proceeds from within the splenic pulp, and involves the 
formation of lacunar spaces and their fusion to form sinusoids These 
processes take place in the long mesenchyme bed, but the union of 
the larger sinusoids with the lumen of the submtestinal vein does 
not take place before the stage of the club-shaped spleen The 
differentiation of the mesenchyme cells into the endothelial and the 
connective tissue layers of the larger vessels is not completed before 
the stage designated as the “hooked spleen ” Their differentiation 
is similar to that described by Laguesse (1890) m his study of the 
developing spleen of Trutta fano and recently confirmed by L&m 
(1932) 

That the arteries penetrate the organ from the outside is an im¬ 
portant embryological feature and quite in contrast to the develop¬ 
ment of the veins which grow from within the pulp toward the 
hilum Similar observations were made by Tait (1927) in Acantfaa* 
It is also of importance that the arteries begin as a closed system of 
tubes, which later acquire open terminations by way of the ellip¬ 
soids It has not been possible to discover how the penetration is 
effected, but the possibility may be suggested that the growing tip 
of the artery may have some digestive action on the tissues pene¬ 
trated, or perhaps the penetration results from a pressure on the 
inside of the arterial ends It is also significant that the arterial 
supply of the spleen is established much later m the development 
than the venous supply The fact that the splemc artery remains 
relatively small as compared with the vein is of importance. It em¬ 
phasizes the venous origin of the spleen, and the arrangement allows 
for a lower blood pressure, and a slower current in the sinusoidal 
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spaces of the pulp, and also provides for a convenient storage place 
for all types of blood cells as well as an excellent lo<us for hemo¬ 
poiesis and hemolysis The strategic position of the ellipsoids with 
their hemolytic and phagocytic powers is of significance m connec¬ 
tion with the elimination of undesirable substances that might enter 
the splenic pulp from the general circulation 

BUNMAKl 

1 The critical stages m the morphogenesis of the spleen of Anita 
calva have been described as the long mesenchyme bed, the club- 
shaped spleen, and the hooked spleen 

2 The splenic primordium originates in about the 7 5 mm larva 
from the pen-intestinal mesenchyme along the outer uall of the 
Hubintestinal vein During morphogenesis, changes in its position 
result from the twisting and looping of the intestinal tract In the 
adult the organ occupies an extraentcnc position, and is supjiortod 
by the mtestmosplenic omentum from the junction of the large and 
the small intestines 

3 The extrinsic and the intrinsic vasculamations of the spleen 
have been described The veins of the splenic pulp are formed early 
in life through the formation of lacunae, the fusion of adjacent 
lacunae to form sinusoids, and the subsequent fusion of the sinus¬ 
oids with the lumen of the splenic vem The endothelial, muscular, 
and connet tive tissue cells which compose the walls of the veins are 
derived from the mesenchyme cells of the pulp In the hooked 
spleen the arteries penetrate the pulp at the hilum as closed branches 
from the splenic artery, and they open into the pulp through the 
ellipsoids secondarily An “open” circulation in 4hc pulp has been 
demonstrated The ellipsoids are derived from the mesenchyme cells 
of the splenic pulp and function as valves controlling the arterial 
supply to the pulp and also as phagocytic centers 

4 The major regions represented in the splenic pulp are the 
myeloid and the lymphoid The histogenesis of the mesenchyme 
cells has been traced into the reticulum, endothelium, hemoblasts, 
and ellipsoids, and they probably give rise to pigment In the 
hooked spleen the reticulum composes the major supporting frame¬ 
work of the pulp, in the interstices of which are many free cells, 
such as hemoblasts, crythroblasts, granuloblasts, erythrocytes, gran¬ 
ulocytes, and pigment granules. 
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5 Throughout life the spleen is active in hemopoiesis and he¬ 
molysis, and as a storage place for all types of blood cells 

6 The capsule has a double origin from the coelomic epithelium 
and the mesenchyme No muscle fibers have been observed in it, 
but these are present in the walls of the larger blood vessels There 
is no evidence of trabecular development 

University of Michigan 
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A I A 
A I V 
Duo 
HPV 
Int 
L Int 
Mes V 
Pan 
P Gas A 
P Gas V 
PI A 
PI AD 

PI A V 


ABBREVIATIONS USED IN PLATES 


— Anterior intestinal artery 

— Anterior intestinal vein 
- Duodenum 

— Hepatic |>ortal vein 

— In tent.] no 

— Large intestine 

— Mesenteric vessels 

— Pancreas 

■— Postt nor gastric artery 

— Posterior gastric vein 

— Posterior intestinal artery 

— Posterior intestinal ar¬ 

tery, dorsal 

— Posterior intestinal ar¬ 

tery, ventral 


P I V — Posterior intestinal vein 
PI V D Posterior intestinal vein, 
dorsal 

P I V V — Posterior intestinal vein, 
ventral 

P M A — Posterior mesenteric ar¬ 
tery 

8 Int — Small intestine 
S I V - Subintestinal vein 


Sp - Spleen 

Sp (A L ) — Spleen (anterior lobe) 
Sp (M L ) — Spleen (middle lobe) 
Sp (P L ) — Spleen (posterior lobe) 
Sp A — Splemo artery 
Sp V — Splenio vein 


EXPLANATION OF PLATE LXII 

Figures 1, 2, 3, and 4 have been drawn from geometrical reconstructions of 
parts of the viscera of Amui larvae at the body lengths indicated The arrows 
above and below each figure indicate the mid-sagittal body plane All represent 
the dorsal view The mesenteries and the omenta have been omitted for purposes 
of clarity Part of the intestinal tract has been omitted to show the underlying 
splenic pnmordium 

Fig 1 The long mesenchyme bed of an 11 mm larva 
Fig 2 The club-shaped spleen of a 12 5 mm larva 
Fig 3 The hooked spleen of a 13 5 mm larva 

Fig 4 The hooked spleen of a 60 mm larva This closely approximates the 
adult position, the sliape, and the vasoulariiation of the organ 






EXPLANATION OF PLATE LXIII 


Fio 1 Photomicrograph of a cross section through the intestine of a 6 r ) mm 
larva The fieri-intestinal niesernhyme has not yet invaded the region 
where the splenic pnmordium mil develop, and tiie lining of the subin- 
tc-stmal vein is not yet a dmtinc t membrane 

Fio 2 Photomic rogrnph showing invasion of pen-intestinal mesenchyme be¬ 
tween coelonuc epithelium and subinteHtinal vein from which the splenic 
pnmordium w ill anse 8 mm larva 

Fio 3 Photomicrograph of cross section through the long mesenchyme bed 
10 7 mm larva, showing fusion of the lacunae and some hemobl&sts 

Fid 4 Photomicrograph of a cross section through the club-shaped spleen 
12 7 mm larva 






EXPLANATION OF PLATE LXIV 

Fio 1 Photomicrograph of the reticulum of the pulp prepumd from the residue 
of spleen-blood serum smears 

Fio 2 I’hototmirogiaph showing a venule with its stomata This reveals the 
manner in whi< h free rom mimicat ion ih established between the open sinuses 
of the pulp and the vtMious trunks lukeu from half-grown fish (24 cm ) 

Fig 3 Photonm rograph of a section through an artenole and three of its 
ellipsoids Taken from the adult spleen Note the disintegrating erythroeyte 
in the upper ellipsoid and the open tommunuation between the lumen of 
the lower ellipsoid with the sinuses of the pulp 






PRODUCTIVITY OF THE PROFUNDAL 
BENTHIC ZONE IN LAKE 
MICHIGAN * 

FRANK E EGGLETON 
INTRODUCTION 

O NE of the most important, interesting, and difficult fields in 
American limnology lies in the study of the Great Lakes It 
is important from both the theoretical and the applied sides of the 
subject It is interesting from each of these adjects and because 
of the unique nature of the lakes It ih difficult because of the 
size and the depth of the lakes and the consequent requirements of 
time and equipment The opportunity to make this study of Lake 
Michigan bottom fauna, generously presented to the writer by 
Dr John Van Oosten, aquatic biologist m charge of Great Lakes 
Fisheries Investigations of the United States Bureau of Fisheries, is 
accordingly deeply appreciated 

Methods, equipment, plans, and the circumstances surrounding 
the inception of this investigation have been described in a previous 
paper (Egglcton, 1936) and need not be repeated here For the sake 
of proper orientation, however, brief mention needs to be made of 
the location and the distribution of the samples. In 1931, 76 samples 
were taken from 49 different depths, ranging from 40 to 244 meters 
They were collected between May 11 and November 2 at 49 dif¬ 
ferent stations, distributed generally throughout the southern and 
the central regions of the lake The 1932 season began earlier and 
ended earlier Ninety-two samples were collected between April 19 
and September 12, from 68 different depths, and at 79 different 
stations. In contrast to 1931, the samples were all collected from the 
northern end of the open lake and w Green Bay The depths ranged 
from 24 to 246 meters During the two years a total of 167 deep- 

* Published with the permission of the United States Commissioner of 
Fisheries. Contribution from the Department of Zo&logy, University of Mich¬ 
igan 
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water bottom samples were gathered The majority were drawn 
from depths between 20 and 150 meters, in fact, only a scattered 
few were taken below the greater depth 

ORGANISMS COLLECTED 

Although but very few of the 1932 samples had been sorted at 
the time the first report was written, the list of animals present in 
any considerable numbers has not been extended, even by so much 
as one form, now that all samples from both years have been studied 
This benthic population is dominated in a striking manner by three 
groups Ponloporeu i, Tubificidae, and Sphaemdae, named in order 
of decreasing abundance Of these three, Ponioporeta outnumbers 
all others combined, totaling slightly more than 68 per cent of the 
entire 1931 population and approximately 62 5 per cent of the animals 
found m the 1932 samples This means that one form comprises 
65 per cent of the entire macroscopic benthic fauna of Lake Michi¬ 
gan, below the 24-meter contour Likewise, these three most nu¬ 
merous groups compose an aggregate of approximately 94 per cent 
of the whole bottom population, and all others combined amount 
to only 6 per cent of the total (Tables I-IV). 

Specimens of Pontoporeia hoyi occurred in every sample taken 
m 1931, except one from 163 meters, and m that sample no animals 
whatever were found However, a very large variation was evident 
from sample to sample, often even when they came from the same 
or approximate depths The largest number of these amphipods 
was encountered in a collection from Station 22E, at a depth of 
40 meters. This sample was taken on August 17,1931. On a basis 
of that one record the Ponioporeta population at that point reached 
a density of 8,420 individuals per square meter. The most sparse 
population of this animal was found at depths of 146 and 240 meters. 
At each of these depths there were but 15 individuals per square 
meter. 

Because Ponioporeta so dearly dominated the benthic fauna, 
curves indicating their depth distribution have been selected for 
presentation here Figure 17 depicts the distribution of these animals 
over the lake floor as it existed in 1931 and 1932 The data from 
which the curves are plotted (Tables III-IV) represent averages of 
all samples taken within successive 10-meter intervals. 

Two facts must be kept in mind when we study these graphs: 
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(1) the points on the curves are averages and, therefore, more re¬ 
liable than individual sample records would be, and (2) the regions 
of the lake from which the samples were drawn were entirely dif¬ 
ferent m the two years, except in the instance of some of the deepest 
records When these facts arc remembered, the most remarkable 
thing about the two curves is their similarities rather than any 
differences which they exhibit Below the 5(HKtoneter stratum — 
the datum for this region is plotted at 55 meters on the graph — the 
two curves follow each other with surprising proximity And even 
though the magnitude diverges widely above that level, the form of 
the two lines remains essentially the same 

Aside from the three groups, previously mentioned, which make 
up so large a part of the whole benthic population, certain other 
forms inhabit the bottom mud beneath the deeper waters of Lake 
Michigan A few of these are widely distributed over the lake floor, 
although nowhere abundant All these various organisms, which 
occur m the profundal tienthic habitat either only occasionally or 
as sparse and widely scattered components of the general bottom 
fauna, have been regarded as one heterogeneous group in the com¬ 
pilation of the data This miscellaneous division of the fauna has 
been assigned the collective name, “All others” (Tables I—II). 
Within this group the animals probably most consistently present 
are the nematodes 


DEPTH DISTRIBUTION 

Although the samples were widely distributed as regards depth 
during each season, they were also widely scattered geographically 
and in no instance were they taken in a definite senes from deep 
to shallow water Hence, while it is possible to arrange the data in 
a continuous senes according to depth, the details of the depth dis¬ 
tribution of this benthic fauna would be more evident if the samples 
could have been differently distributed. However, by arranging the 
data according to strata and determining the average number of 
animals per square meter within those belts of the lake bottom 
(Tables III—IV) it is possible to make the data take significant 
form 

Both m 1931 and in 1932 the benthic fauna, regarded as a unit, 
was very much more abundant above 150 meters than below that 
depth (Figs 18-17), Though it is true that there was a much 
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greater abundance of the animals above the 50-mctcr level in 1931 
than there was m 1932, the difference was purely one of magnitude 


Bottom Animats 



Fla 16 Depth distribution of benthic animals in Lake Michigan, 1931 and 1932 
Averages of all macroscopic benthic animals for each 10-meter stratum 

and may very possibly have been due to the fact that the samples 
from the shallower depths for the two years came from widely 
separated and ecologically different regions of the lake. 
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Concentration Zone 

Each year a pronounced concentration zone wan present between 
35 and 50 meters, with its peak close to the 42-meter level in both 


Bottom Ammols 



Fio 17 Depth distribution of PorUoporeia hoyx, Lake Michigan, 1031 and 1932 
Average number of animals per square meter for each 10-meter stratum 

seasons Likewise another, but less pronounced, concentration zone 
is indicated for both years between the depths of 100 and 140 meters, 
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with its highest point at approximately 115 meters (Figs 16-18) 
These regions of greater abundance of the benthic animals are just 
as evident m the distribution of Ponioporeta alone (Fig 17) as in 
that of the whole bottom population 

Adamstone (1024, p 53) has published data relative to the dis¬ 
tribution of these amphipods in Lake Nipigon, and for comparison 
a curve derived from one given by that author is included here 
(Fig 18) In this same figure the average number of Ponioporeta 
per square meter for all the Lake Michigan samples, 1931 and 1032 
combined, are plotted in curve M Adamstone's data have merely 
been converted to the present units from those used m his paper 
It should be pointed out that the Nipigon curve has been “smoothed,” 
following the original, while the Lake Michigan data are actual 
averages 


SEASONAL mSTBIBUTION 

It is now well known that at least in the smaller, inland lakes 
of the temperate zone a well-marked seasonal variation characterizes 
the benthic fauna In Douglas Lake the writer (Eggleton, 1031) 
found this seasonal variation to be both qualitative and quantitative 
in nature Often this change has been found to be of considerable 
magnitude from one year to the next In order to have a reasonably 
accurate understanding of the normal cycle of events m any lacus¬ 
trine fauna, records for several consecutive years and covering ap¬ 
proximately the same region of the lake need to be at hand Too 
much must not be expected, therefore, from the data available for 
Lake Michigan True it is that the records are for a considerable 
portion of each of two consecutive years, but it is likewise true that 
the samples were widely scattered and not taken m senes 

In 1931, when field work began early in May, the bottom animals 
in the deeper regions of the lake were not particularly abundant 
Dunng June a further decline in the average population took place. 
In July, however, a marked increase became evident, and the maxi¬ 
mum of the season was reached m August. The data are arranged 
by months in Table VI, but when assembled by weeks the same 
general tendencies are evident, and it is plainly seen that, at least 
for that one season and in the sections of the lake sampled, a steady 
increase was in progress, which m practically all instances attained 
its maximum dunng the third week of August. Interesting and 
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per square meter within each 10-meter stratum for all samples (1031 and 
1032); Lake Nipigon data (from Adamstonc, 1924) indicate average number 
of animals per square meter within each 30-foot stratum for three summon 



600 Frank E. Eggkton 

significant is the fact that, whether the whole population of the lake 
floor, or PorUoporeta , or Tubificidae alone are considered, the result 
is essentially the same (Fig 19) 

Field work for the season of 1932 began m April, a month earlier 
than m the year before, but it also came to a close much earlier m 

Average Number Animals 



Fia 10 Seasonal distribution of benthic fauna, Lake Michigan, 1031 Average 
number of animals in hundreds per square meter for all stations, all depths, 
and all days within the given months T, Tubificidae, P, PorUoporeta , A A , 
all animals 

the autumn The whole field season was, therefore, more than one 
month shorter (Table VII) Moreover, the work of 1932 was different 
from that of the preceding year in that, whereas the 1931 samples 
had all been taken in the open waters of the lake proper and in the 
southern and central portions, the spring and early summer samples 
of 1932 came from the relatively more shallow waters of Green Bay 
and from the northern end of the lake It seems doubtful, however, 
whether even these considerable differences could be expected to 
account for the startling dissimilarities which existed between the 
seasonal variations of the two years. A moment’s comparison of 
Figure 19 with Figure 20 will suffice to demonstrate that the quan- 
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titative seasonal vanations were greatly different in the two periods 
Indeed, the two years seem to have been very nearly opposite in 
their seasonal abundance of the benthic animals, and differences in 
sampling do not appear to offer a satisfactory explanation It seems 
probable that the natural tendency to vary from year to year, in- 

Average Number Animals 
tn Hundreds per Square Meier 
2 4 6 6 !0 13 14 16 /B 20 

Month 
April 

May 

June 

July 

Aug 
Sept 

Fio 20 Seasonal distribution of benthic fauna, take Michigan, 1032 Average 
number of animals in hundreds per square meter for all stations, all depths, 
and all days within the given months T, Tubifieidae, P, PorUoporeta, A A , 
all animals 

• 

hernnt m such a biological association, is a more plausible explana¬ 
tion of the observed facts This hypothesis is strengthened when 
the 1032 data for the open lake (Table VIII) and those for Green 
Bay (Table IX) are tabulated separately It is evident that in both 
situations the benthic fauna reached a summer mini mu m in 1032 at 
almost the same penod wherein it had attained its m a xim u m during 
the preceding summer It may be possible, of course, that the veiy 
considerable increase during August and September, 1032, may have 
been the summer maximum merely appearing a month later than 
it did in 1031 In the absence of any data for the rest of the autumn, 
however, such pure speculation does not carry very strong convio- 
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tion It should be pointed out that, in attempting to discover whether 
or not the data indicated any seasonal variation, certain temporary 
tabulations of bottom populations were made in which all the records 
for each separate station were arranged together in chronological 
order When so placed the 1931 data showed clearly a general tend¬ 
ency for the population to increase up to the third week of August 
and thereafter to decline irregularly No consistent results could 
be obtained with the 1932 record, largely, it was felt, because there 
were no instances in which more than two or three samples came 
from the same station during that year 

PRODUCTIVITY AND CHARACTERISTICS OF THE FAUNA 

The penod of maximum abundance for the deep-water bottom 
fauna in many small inland lakes is known to be midwinter. At 
that time the population of the lake floor is often very dense. Juday 
(1922) found a maximum of more than 33,000 individuals per square 
meter in Lake Mendota, and the writer (1931) found a maximum 
midwinter population m Third Sister Lake in excess of 71,000 animals 
per square meter Each of these maxima was dominated by a single 
form, Corethra larvae 

In the Lake Michigan samples which form the basis of this study 
not one Corethra larva has been found Their place as a dominant 
form, however, has been taken by the amphipod PotUoporeta The 
maximum density of population discovered in this study was 10,200 
individuals per square meter This occurred at a depth of 40 meters, 
on August 17,1931, and of this population 8,420 were Pontoporeux. 
Considering both years, slightly less than 50 per cent of all samples 
were from regions of the lake floor on which the total number of all 
macroscopic animals exceeded 1,000 per square meter. 

In addition to the Amphipoda, Tubificidae and Sphaerudae were 
also common components of the fauna. Among the Sphaerudae, 
however, practically all the individuals which were collected alive be¬ 
longed to the genus Pxetdtum, only a few specimens of Sphaenum were 
found. The depth distribution of these small bivalves is very it regu¬ 
lar, although they occurred at various depths between 52 and 119 
meters m 1931 and between 24 and 144 meters m 1932. They were 
absent, however, from many of the samples between these depths. 

As might be expected from the large percentage of Pontopcma in 
this fauna, the curves for the total maoroecopio population resemble 
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considerably those for the Amphipoda alone Figure 16 indicates 
that what was said concerning the similarities of the Pontoporeia 
graphs for the two years could quite as well be extended to mclude 
the whole benthic fauna It is of interest to note that the distribu¬ 
tion of the Tubificidae is very much like that of the Amphipoda 
Usually a large number of one was accompanied by a dense popula¬ 
tion of the other. However, several instances exist in which the 
Tubificidae were absent from a sample, which is m sharp contrast 
to the all but universal presence of Pontoporeia 

A third report, to be published later, on this, the first extensive 
quantitative study of the profundal benthic fauna in any of the five 
Great Lakes is now in preparation In it such topics as reproduction, 
life-history observations, comparisons with other studies, relation to 
physicochemical factors, food and predator relationships, and factors 
limiting distribution are considered 

SUMMARY 

1 This report, the second of a series dealing with an extensive 
quantitative study of the profundal benthic fauna of Lake Michigan, 
lists the major groups of animals present in this fauna and discusses 
their abundance, depth distribution, seasonal variation, and general 
ecology 

2 The study is based on a total of 167 samples collected during 
the spnng, summer, and autumn months of 1931 and 1932 at 128 
different stations widely scattered throughout the open lake and in 
Green Bay The depths from which the samples were drawn ranged 
from 24 to 246 meters 

3. The benthic population beneath the deeper waters of Lake 
Michigan is dominated by three groups* Pontoporeia 9 Tubificidae, 
and Sphaemdae, named m order of decreasing abundance These 
three groups comprise approximately 94 per cent of the entire ben¬ 
thic fauna, and all others combined amount to but 6 per cent Of 
these three most abundant forms, Pontoporeia outnumbers all other 
organisms combined, totaling slightly more than 65 per cent of the 
whole population 

4 A pronounced concentration zone existed between 35 and 50 
meters, with its peak close to the 42-meter level in both years 
likewise, a smaller concentration sone was present both years 
between the depths of 100 and 140 meters 
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5 Considered as a unit, the bottom fauna was very much more 
abundant above the 150-meter contour than below that mark 

6 The 1931 collections indicated a strongly developed midsum¬ 
mer maximum density of population m late August There was a 
pronounced increase in number of individuals per unit area up to 
that period, followed by a clearly marked dcclmc during the autumn 
months The 1932 collections, in sharp contrast, demonstrated a 
decrease in density of population from June through July to a mid¬ 
summer minimum in the latter month, followed by a large and rapid 
increase, which continued to the end of the sampling season m late 
September 

IJnivkkhity ok Michigan 
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TABLE 1 

Depth Distribution of Bottom Animals 
Lake Michigan, 1031 


Depth 

Number 

Stations 

Number of animals per square meter 

in 

motors 

of 

samples 

Ponto- 

poroia 

Pisidium 

Tubifi- 

cidae 

All 

others 

Totals 


1 

22E 

8420 

0 

1280 

500 

10200 

44 

1 

22E 

7020 

0 

3680 

740 

11440 

45 

1 

22E 

1200 

0 

550 

35 

1785 

47 

1 (4) 

32E 

1200 

0 

740 

0 

1040 

52 

2 

7E 

720 

50 

1170 

0 

1940 



20E 

3070 

370 


65 

5535 

63 

1 

26E 

1710 


1170 

55 

3315 

64 

1 

18E 

120 

■BB' 


0 

1320 

56 

1 

5E 

210 

145 

180 

0 

535 

56 

2 

12E 

910 

0 

130 

30 

1070 



12E 

IBTTTiB 

30 

130 

0 

1120 

57 

2 

18W 

410 

35 

155 

15 




18E 

00 

120 

200 

35 

Ha 

58 

1 

32E 

1580 

250 

830 

15 

tB 

60 

Kii) 

32E 

1660 

15 

530 

30 


62 

1 

9W 


0 

220 

0 

460 

63 

3 

ew 


55 

70 

0 

605 



5W 


15 

205 

15 

505 



mu 

3170 

100 

530 

80 

3880 

08 

2(8) 

38E 

2510 

100 

1100 

60 

3050 


40W 

670 

0 

460 

15 

1145 

70 

1 

30W 

560 

220 

0 

180 


75 

1 

49E 

820 

0 

30 

IKJh 


77 

2(4) 

15W 

865 

15 

§§§iB]B' 

0 

876 


15E 

475 

0 

0 

15 

400 

83 

2 

“26l 

580 

0 

95 

30 

705 



20E 

760 

70 

00 

70 

980 

84 

2 

13W 

210 

0 

35 

15 

260 



45E 

1360 

0 

130 

16 

1505 

87 


14E 

156 

55 

15 

Ha 

225 



14E 

560 

55 

55 

Bfl 

670 



13E 

240 

0 


Bw 

1000 



26E 

35 

0 

0 


35 



26W 

no 

0 

65 

15 

100 

88 


13E 

90 

0 

30 

0 

120 

■KSHi 

1 

23 mid 

660 

0 I 

200 

16 

065 

91 

1 

17E 

1100 


1620 

Kcia 

3180 

05 

3 

14W 

145 

0 

0 

'./■BiBi 

145 



14W 

70 

15 

0 

w n 

85 



14W 

340 

0 

220 

n 

560 

06 

1 

8E 

mwm 

15 

270 


2845 

07 

3 

4E 

56 

0 

0 

Efl 

55 



21W 

106 

0 

0 


105 



21E 

190 

0 

0 


100 

98 

8(12) 

8E 



15 

■9 

805 


21W 

BITS 

0 

0 

15 




17E 



1090 

380 

§JFj£jBj 
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Frank E. Eggleton 


TABLE I (.Concluded) 


Depth 

Number 

Stations 

Number of animals per square meter 

in 

meters 

of 

B&mpleH 

Ponto- 

poreia 

Pisidium 

Tubift- 

cidae 

All 

others 

Totals 

100 

1 

8E 

865 

0 

0 

0 

855 

101 

1 

17E 

740 

0 


15 

1075 

103 

1 

81W 

30 


M 

160 

190 

106 

1 

44W 

1150 


■ Em 

140 

1385 

107 

4 

37W 

1060 


El 

0 

1945 



41W 

05 


■eh 

0 

110 



44W 


0 

■fi 

16 

895 



44W 

340 

0 

mtm 

130 

550 

108 

2 

41E 

2060 

250 

1040 

430 

4670 



17E 

320 

0 

95 

110 

525 

100 

2(12) 

17E 

475 

0 

35 

0 

510 


31E 

440 

—M 

0 

0 

440 

116 

mmrnm 

20W 

K9 


35 

495 

1120 


■ 

17W 

1470 

HI 

30 

50 

1550 

no 

MUSS 

28W 

1670 

16 

220 

15 

1820 

■EH 

mSm 

40E 


0 

35 

330 

715 


H • 



0 

60 

15 

885 



20E 

120 

0 

55 

0 

176 

Ra 

ISn 

38E 

120 

wmm 

15 

0 

135 

144 

1 

17W 


mmm 


■Eg 

460 

146 

1 

47W 

no 

■1 

65 

Sli'iS 

576 

146 

2(4) 

33E 

35 

0 

70 

Kg 

140 


88E 

15 

0 

30 

mtm 

75 

lea 

KD 

36fe* 




SB 


172 

■LIOSS 


70 

0 

36 

15 

120 

180 

1(1) 


90 


70 

0 

160 

KJU 

1(1) 

A 

20 

0 

0 

50 

70 

244 | 

1(1) 

C 

36 

0 

16 

0 

50 


• No organisms found 
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Profundal Benthic Zone in Lake Michigan 
TABLE II 


Depth Distribution or Bottom Animals 
Lake Michigan, 1032 


Depth 

in 

meters 

Number 

of 

samples 

Stations 

Number of animals per square meter 

1 Ponto- 
poreia 

Piaidium 

Tubifi- 

cidae 

All 

others 

Totals 

24 

1 

12SE 

BTP3I 

36 

375 

330 

1340 

26 

1 

ONE 

1300 

90 

60 

600 

2050 


1 

12NW 

116 

75 

35 

1100 

1325 


1 

15NE 

120 

0 

110 

90 

320 

26 

1 

11NW 

590 

120 

145 

420 

1275 

27 

1 

14SW 

2500 

230 

145 


3725 

28 

1 

4SE 

376 

16 

120 

920 

1430 


1 

5NE 

676 

115 

270 

600 

1660 


1 

19W 

1720 

75 


390 

2785 

29 

1 

19E 

130 

0 

15 

80 

225 


kid 

8NW 

55 

90 

90 

640 

876 


1 

1NW 

410 

36 

120 

1820 

2385 

31 

1 

3NW 

120 

0 

15 

120 

255 


1 

2NW 

2586 


0 

210 

2905 


1 

■TjjKLw 

245 


55 

176 

565 


1 


180 


80 

60 

340 


1 

21S 

2120 

165 

2290 

620 

6195 


1 

22NW 

230 

146 

90 

205 

730 


2 

23SW 

116 

95 

15 

0 

225 

32 

1 

6NE 

110 

15 

175 

65 

366 


1 

6SW 

3766 

1145 

420 

1610 

6940 


1 

6SW 

375 

125 

115 

40 

665 


1 

18SE 

610 


156 

1120 

1995 


1 

18SE 



160 

720 

1340 


1 

20N 

230 


0 

75 

320 


2 

86E 

60 


196 

206 

565 

84 

1 

16S 

2410 


36 

56 

2590 

86 

1 

13NE 

560 

145 

115 

90 

900 


1 

17N 

860 

116 

16 

155 

1146 


2(22) 

28SW 

610 

265 

135 

100 

1000 

41 

1 

~24W 

2600 

440 

1800 

210 

4610 

44 

1 

24E 

wjTjTjS 

1440 

380 

470 

4290 

46 

1 

26NW 

I itTjH 


55 

35 


46 

1 

26SE 



80 

80 

8860 


1 

258E 

jtrjV 

46 

160 

125 

1080 

48 

1 

56W 

Mr [thS 

35 

75 

15 

1635 


1 

578 

M 


130 


I860 

49 

1(8) 

41NE 

■ iuB 

0 

90 


1400 

66 

1 

■TTMtfK 


115 

76 

115 

686 

68 

1 

41NE 

1275 

225 

145 

16 

1660 

69 

1(8) 

84N 

1326 

166 

215 

66 



1 

“3SW 

120 

0 

155 

86 

310 

62 

1 

29W 

870 

65 

230 

16 

1170 

85 

1 


1860 

590 

426 

0 

2376 


1 

54W 

Exvl 

260 

0 

0 

8250 

86 

1 

861 


36 

16 

70 

210 

68 

1(8) 

m 

gEViB 

0 

386 

mLM 

1246 
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Frank E Eggleton 
TABLE II ( Concluded ) 


Number 


Number of unimuhi per square meter 


in 

meters 

of 

samples 

Stations 

Ponto- 

poreia 

Pisidium 

Tubifi- 

cid&e 

AU 

others 

Totals 

70 

1 

62W 

810 

115 

225 

n 

1170 

75 

1 

32SE 

1150 

55 

410 

145 

1760 


1 

46W 

910 

56 

120 

15 

1100 

76 

1 

468 

1380 

320 

145 

15 

1860 

77 

1 

57N 

825 

600 

1525 

0 

2950 

78 


52E 

UBiTTiB 


195 

35 

1760 

79 

1(7) 

42SE 

245 

0 

70 


406 

82 

1 

33N 


120 

420 


2100 

83 ! 


33N 

770 

15 

55 

75 

915 

86 

1 

67NW 

120 

15 

245 

0 


87 

1(4) 

67NW 

175 

15 

110 

55 

355 

91 

1 

27W 

725 

0 

320 

15 


93 

1 

38SE 

290 

0 

35 

550 

875 

94 

1 

27W 

1125 

0 

330 

35 


96 

1 

31W 

176 

15 

110 

0 

300 


1 

32W 

595 

0 

no 

55 

760 

97 

1(6) 

28W 

1220 

50 

110 

160 

1540 

100 

1 

438E 

606 

■■m 

245 

110 


101 

1 


450 

15 

50 

15 

Xk2b1 


1 


320 


230 

15 

565 

102 

1 

67SE 

560 


30 

65 

655 

106 

3 

63SW 

370 

30 

190 

0 

590 

106 

1 

32NW 

1220 

15 

180 

15 

1480 


1 

668 

1570 

0 

190 

BTTiB 

1920 

107 

1(8) 

37NW 

55 

0 

70 

mm 

125 

114 

1 

mmmm 

130 

0 

180 

15 

325 


1 

61NW 

1250 


80 

320 

1680 

118 

1 

36SE I 

130 

Bel 

15 

15 

160 


1 

63E 

155 


70 

120 

345 


1 

59NW 

785 

15 

135 

15 



1 

66NW 

1740 

180 

1410 

530 

3860 


1 

50SE 

2400 

30 

435 

85 

2950 

119 

1 

c 

510 

0 

1230 

65 

1805 


1 

48E 

600 

15 

355 

0 

970 


1(10) 

66NW 

1460 


510 

15 

1985 

128 

1 

KJiKEM 

100 

0 

15 

15 

130 

124 

1 

26E 

580 

15 

55 

110 

760 

128 

1(3) 

36W 

1000 

35 

180 

35 

1260 

130 

1 

35W 

190 

60 

350 

95 

685 

182 

1 

86SE 

70 

llljBiB: 

35 

0 

105 

139 

1 

D 

1040 

50 

580 

95 

1716 


1(4) 

36W 


130 

290 

95 

835 

144 

KD 

kusb 

210 

mm 

120 

90 

420 

240 

■JBH 


15 

■■on 

15 

200 

2tt 

246 

mSm 

u 

70 

?J 

15 

90 

176 
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TABLE III 

Depth Distribution or Bottom Animals bt Sthata 
Lakh Michigan, 1031 


Strata 

in 

meters 

Total 

number 

samples 

Number 

different 

stations 

Average number of animals per square meter 
within strata 

Ponto- 

poreia 

PiBidium 

Tubifi- 

eidae 

All 

others 

All 

animals 

40- 40 

mm 


4460 

0 

1565 

320 

6345 

50- 50 

■1' 


1040 

130 

710 

25 

1005 

60- 60 



1230 

60 

455 

30 


70- 70 

■Eli 


680 

60 

10 

60 

HI 

80- 80 

8|' 


410 

20 

140 

15 

mMm 

00- 00 

Kfl 


650 

30 

300 

60 

1040 

100-100 

km 

8 

690 

30 

300 

85 

1105 

110-110 

3 

3 

1210 

5 

05 

100 

1600 

130-130 

4 

4 

350 

0 

40 

00 

480 

140-140 

4 

4 

150 

0 

50 

120 

320 

170-170 

1 

1 

70 

0 

35 

15 

120 

180-180 

1 

1 

00 

0 

70 

0 

160 

220-220 

1 

1 

20 

0 

0 

50 

70 

240-240 

1 

1 

35 

0 

15 

0 

50 


TABLE IV 

Dbpth Distribution or Bottom Animals by Strata 
Lakk Michigan, 1032 


Strata 

in 

meters 

Total 

number 

samples 

Number 

different 

stations 

Average number of animals per square meter 
within strata 

Ponto- 

poreia 

PiRidium 

Tubifi- 

cidae 


HI 

20- 20 

11 

11 

750 

80 

180 

546 

1555 

30- 30 

22 

16 


155 

220 

305 

1600 

40- 40 

8 

7 

1870 

350 

380 

120 

2620 

60- 60 

3 

8 

005 

170 

145 

65 

1375 

60- 60 

6 

6 

1050 

155 

105 

30 

1430 

70- 70 

7 

7 

000 

240 

385 

45 

1570 

80- 80 

4 

2 

625 

40 

210 

65 

040 

00- 00 

6 

6 

600 

10 

170 

135 

1005 

100-100 

8 

7 

645 

10 

150 

50 

856 

110-110 

10 

0 

015 


440 

120 

1505 

120-120 

3 

3 


15 

85 

55 

715 

130-130 

4 

3 

405 

60 

300 

70 

835 

140-140 

1 


210 

Ka 

120 

00 



2 

WmM 

40 

1 

16 

145 

Bl 
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Frank E Eggleton 
TABLE V 

Depth Distribution or Bottom Animals by Strata 
Laud Michigan, 1081 and 1932 
Averages of all samples for both yean 


Strata 

in 

meters 

Total 

number 

samples 

Number 

different 

stations 

Average number of animals per square meter 
within strata 

Ponto- 

poreia 

Pimdium 

Tubifi- 

cidae 

All 

others 

All 

animals 

20- 29 

11 

11 

750 

80 

180 

545 

1565 

30- 39 

22 

16 

830 

155 

220 

395 

1600 

40- 49 

12 

9 

3165 

175 

926 

220 

4485 

30- 59 

14 

10 

1020 

150 

430 

45 

1640 

60- 69 

12 

11 

1140 

110 

325 

30 

1605 

70- 79 

11 

11 

790 

150 

200 

50 

1190 

80- 89 

14 

9 

520 

30 

175 

40 

765 

90- 99 

18 

12 

670 

20 

235 

95 

1025 

100-109 


15 

670 

20 

225 

65 

980 

110-119 

13 

12 

1065 

15 

270 

150 

1506 

120-129 

3 

3 


15 

85 

55 

715 

130-139 

8 

7 

380 


170 

80 


140-149 

5 

5 

180 

mm 

85 

105 

870 

170-179 

1 

1 

70 

0 

35 

15 

120 

180-189 

1 

1 

90 


70 

0 

160 

220-229 

1 

1 

20 

i 

0 

50 

70 

240-249 

3 

3 

35 


15 

70 

125 


TABLE VI 

Seasonal Distribution or Benthic Animals 
Lake Michigan, 1931 


Months 

Average number of animals per square meter for all sta¬ 
tions, alt depths, and all days within the given months 

Pontoporeia 

Tubifieidae 

All animals 

Msy 

450 

170 

655 

June 

450 

110 

580 

July 

606 

255 

910 

August 

2165 

1026 


September 

1025 

310 

1510 

October 

875 

165 

660 

November 

820 

30 

880 
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Profundal Benthic Zone m Lake Michigan 
TABLE VII 

SEASONAL DISTRIBUTION OF BENTHIC ANIMALS 
Lake Michigan, 1032 


(Green Bay and open lake) 


Months 

Average number of animals per square meter for all sta¬ 
tions, all depths, and all days within the given months 

Pontoporeia 

Tubificidae 

All atiiitiftia 

April 

975 

140 

1050 

May 

880 

810 

1070 

June 

880 

220 

1305 

July 

520 

135 

770 

August 

885 

240 

1340 

September 

1070 

405 

1620 


TABLE VIII 

Seasonal Distribution or Benthic Animals 
Lake Michigan, 1932 


(Open lake) 


Months 

Average number of animals per square meter for all sta¬ 
tions, all depths, and all days within the given months 

Pontoporeia 

Tubificidae 

All animals 

May 

410 

120 

1005 

June 

675 

240 

1016 

July 

520 

135 

770 

August 

885 

240 

1340 

September 

1070 

405 

1620 


TABLE IX 

Seasonal Distribution of Benthic Animals 
Lake Michigan, 1032 
(Green Bay) 


Average number of animals per square meter for all sta¬ 
tions, all depths, and all days within the given months 



Pontoporeia 

Tubificidae 

All animals 

April 

May 

076 

140 

1050 

935 

330 

1760 

June | 

1710 

135 

2465 




































SOME CHARACTERISTICS OF A POPULATION 
OF STUNTED PERCH * 

R WILLIAM E8CH MEYER 


AN EXAMINATION of the pothole lakes in the Pigeon River 
X*. State Forest, Otsego and Cheboygan counties, made by the 
Institute for Fisheries Research in 1932 showed that several of these 
small lakes contained an abundance of yellow perch (Perea flaves- 
cms) t several others contained only minnows, or mmnows and 
brook trout where the latter had been planted In 1933 most of 
these lakes were stocked with trout Subsequent study indicated 
that the survival and growth of the trout were good in lakes which 
did not contain perch, but were poor in those in which perch were 
abundant It was observed that, in general, the perch were in poor 
condition, most of those taken were small and thin The lakes 
which contain perch are fished very little, but those with only trout 
(and mmnows) provide excellent fishing 

It was decided, in 1934, to make an effort to remove the fish from 
one of these perch lakes after poisoning and to stock it later with trout 
South Twin Lake, T 32 N, R 1 W, Section 10, was selected for 
the experiment This lake, according to the Institute’s 1932 survey, 
has an area of 4 3 acres (1 74 hectares) and a maximum depth of 
12 7 meters The outline is roughly circular, and the basin is bowl¬ 
shaped, with limited shoal area It was determined also that in 
summer the water is definitely stratified, with the thermochne at a 
depth of from 4 to 7 meters* The bottom soil at the margin is sand, 
in deeper water it is organic (pulpy peat) The water is relatively 
clear (Secchi dusk reading 7 5 meters) and is alkaline (surface pH 
8 7). This small, land-locked lake has high, steep, sandy banks, and 
the drainage area is very small 

Gill nets of seven mesh sues varying from 11 to 4 inches, stretched 
measure, were fished in this lake several weeks before the poisoning, 

* Contribution from the Institute for Fisheries Research of the Department 
of Conservation and the University of Michigan 
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614 R WUlmm Esehmeyer 

and five sticks of dynamite were discharged at the same time The 
perch obtained by these two methods were placed in one lot (Lot 4 
of this study) 

On the morning of September 20, 1934, an Institute party con¬ 
sisting of Milton B Trautman and the wnter distributed about 48 
pounds of powdered dems root (5 per cent rotenone content) over 
the surface of the lake Most of the iioison was spread by pouring 
it in the wake of an outboard motor The remainder was broadcast 
by hand About eight hours after the poison had been distributed 
100 sticks of 40 per cent dynamite were discharged in deep water 
(in three lots of approximately 25, 25, and 50 sticks) in order to 
assure a thorough circulation of the poison throughout the lake 

The poison had killed a considerable number of fish before the 
dynamite was discharged Many of these perch were collected and 
are included here as Lot 1 Another lot (Lot 2) was collected on 
the same day, but after the dynamiting Lot 3 was collected on 
the following day Most of the fish which floated, or which sank m 
shallow water, were recovered To check the effectiveness of the 
poison and the dynamite, a gill net with the same mesh sixes aa the 
one previously used was set in the lake overnight several weeks 
later, but it took no fish A live perch was seen, however, at the 
time the net was lifted Not all the perch were killed and not all of 
those killed were recovered 

The perch in all four lots were preserved in 10 per cent formalin 
and were later transferred to 70 per cent alcohol All studies of 
them were made from preserved specimens In addition to the 
perch a few trout were taken by netting and two were recovered 
after poisoning No other species were taken or are known to have 
been present Data concerning the trout are not included in this 
study 

The purpose of this paper is to describe some of the character¬ 
istics of this population of stunted perch, based on the collection 
obtained by the several methods indicated above Unfortunately, 
the entire population could not be collected for study The fish 
came to the surface when dying, and wave action tended to wash 
the dead ones toward the shore region, where they continued to 
float or sank in shallow water Although a precise estimate of the 
percentage of the total population recovered is not possible! it is 
believed that the percentage is relatively large (well over 50 per cent) 
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TOTAL POPULATION 

The four lots included a total of 3,615 perch In addition, 503 
perch were counted lying on the bottom after the last lot had been 
recovered A total of 4,118 fish are, therefore, definitely known to 
have been present m the lake This number represents 955 perch 
per acre Since not all the fish were seen or recovered, the total 
population was unquestionably well m excess of 1,000 fish per 
acre 

The 3,615 perch had a total weight of 109 3 pounds (49,561 
grams) This represents a weight of 25 4 pounds per acre If the 
503 perch which were seen but not collected were of the same aver¬ 
age weight, they represented a total of 15 2 pounds, increasing the 
total weight per acre to about 29 pounds The weight of the entire 
population was most probably well in excess of 30 pounds per acre. 

SIZE AND AGE DISTRIBUTION 

Weight, length, and age were determined for all specimens 
Both standard and total lengths were recorded to the nearest milli¬ 
meter The fish were weighed on a Welch balance which was cali¬ 
brated to tenths of grams The small fish were weighed in groups of 
2 to 90 fish per group, but all fish older than the II group wen' weighed 
individually The length distribution, irrespective of age or sex, is 
shown m Table I, where the fish are grouped by 10-mm intervals 
The pronounced mode at 80-89 mm suggests that most of the fish 
probably belonged to one age group Another mode at 110-119 mm 
suggests the presence of another age group, however, this second 
mode actually consists of fish of several age groups 

Ages were determined for all the 3,615 fish* by examination of 
the scales by means of a binocular microscope The annuli were 
located easily m the young fish (I and II groups), but were difficult 
to find in the scales from some of the older fish, especially m those 
from individuals in poor condition, since many of these emaciated 
individuals had apparently partially resorbed portions of their scales 
(see FI. LXVI, Fig 2) On some specimens a large number of 
scales were examined before the age could be determined with any 
degree of certainty. Even though the scales were studied carefully, 
it is possible that the age determinations on some of the older fish 
were incorrect. 
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TABLE I 

Size Distribution ok All Perch, Sexes Combined, 
by 10-Miluuktek Classes (Standard Length) 


Size close 

Number 

Percentage of total 

50-69 

3 

01 

00-69 

0 

00 

70-79 

144 

40 

80-89 

2270 

628 

90-99 

345 

95 

100-109 

112 

31 

110-119 

357 

90 

120-129 

222 

61 

130-139 

93 

25 

140-149 

32 

09 

150-159 

18 

05 

160-109 

7 

02 

170-179 

3 

01 

180-189 

3 

01 

190-199 

0 

00 

200-209 

0 

00 

210-219 

2 

01 

260-209 

1 

00 

270-279 

1 

00 

280-289 

1 

00 

290-299 

1 

00 

Total 

3615 

999 


The number of perch in each ago group is shown m Table II. 
The ages indicate the number of winter marks (annuli) Since 
most of the fish were taken in mid-September (20th), the fish were 
actually almost if not wholly one growing season older than the 
recorded ages 

Over three fourths (76 7 per cent) of the fish were in one age 
group (II) There were more fish m the III and IV groups than m 
the 0 and I groups The only age group represented by a mode in 
the length distribution is the II group 

In general, after the second year the females grew more rapidly 
than the males In the I group the males were, on the average, 
longer and heavier than the females In the II group both sexes 
were of about equal length and weight, and m all groups older than 
II the females were decidedly longer and heavier A few of the 
female perch reached an exceptionally large sise The single perch in 
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TABLE II 

NUMBER OF FEUAMB AND MALE PflRCH IN EACH AGE GROUP, AND 

Average Length and Weight of Fish in Each Group 


Age group 


Sex 

0 

I 

TI 

111 

IV 

n 

VI? 

Over 

VI 

Females (1530) 









Lot 1 

2 

27 

607 

24 

66 

13 


2 

lx>t 2 



284 

4 

31 

3 



Lot 3 



320 

6 

31 

2 

t 


Lot 4 


1 

27 

65 

13 



1 

Total 

2 

mm 

!EE£1 

99 

141 


■ 


Males (2085) 






mm 


■ 

Lot 1 

1 

45 

638 

132 

11 




lx>t 2 


3 

497 

59 

32 




Lot 3 


10 

361 

108 

42 




I/Ot 4 


13 

40 

84 

0 

■ 



Total 

1 

71 


383 

94 

■ 



Total (both sexes) 

3 

mm 

2774 



18 

l 

3 

Percentage of total 




■M 

BrB 




collection 

01 

27 

76 7 


1 

05 

00 

1 

Average standard 









length in mm 









Females 

44 

804 

87 1 

125 0 

134 2 

169 1 

Earn 

2820 

Males 

43 

89 0* 

844 

116 0 

121 1 




Average weight in 









grams 









Females 

27 

77 

96 

302 

35 3 

76 5 

445 3 

443 3 

Males 

27 

113* 

97 

21 7 

2 r >0 




Average (approx ) 









total length in 






* 



inches 









Females 

21 

38 

4 1 

59 

63 

7 88 

12 49 

13 83 

Males 

20 

42 

40 

5 5 

5 7 




Average weight in 









ounces 









Females 

009 

0 27 

034 

1 07 

125 


15 73 

15 63 

Males 

000 

0 40 

0 37 

077 

0 89 

i 




• A number of the males in the 1 group showed exceptionally rapid growth 
m compared with the older fish and with other members of the same age group 
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the YI ? group weighed more than 45 perch m the II group and al¬ 
most as much as 18 average-sized male perch from the oldest group 
of males (IV) In his study of perch in three northern Wisconsin 
lakes Schneberger (1935) found that the females grew much faster 
than the males in Silver Lake, the lake with the slowest-growing pop¬ 
ulation This is m accord with data for South Twin Lake perch 
In the two Wisconsin lakes (Weber Lake and Nebish Lake) where 
the fish grew more rapidly the difference in growth rate of the two 
sexes was much less pronounced 

The dominant group (II) averaged only slightly over four inches 
in total length, and only a little over a third of an ounce m weight. 

Some of the males in the I group grew very rapidly as compared 
with the other fish of the same age and sex This rapid growth of a 
few individuals raised decidedly the average length and weight for 
this group Such unusual growth was present also in a few of the 
perch of the II group, but was not observed in the older fish. Schne¬ 
berger (1935) noted a similar rapid growth in some of the young fish 
of the perch of Wisconsin lakes He stated that “In the younger 
fish [age groups II and III] cases are found where the annulus is far 
from the focus, indicating an extremely rapid growth However, 
this type is rarely found in the older fish, suggesting that the rapid 
growers arc shorter-lived ” 

The approximate number of legal-sized fish in the South Twin 
Lake perch population was calculated Since all the perch were 
measured after they were preserved, it is impossible to determine 
exactly the number of fish of a given length because the amount of 
shrinkage is not known However, an approximate correction for 
shrinkage after preservation was obtained through the application 
of the shrinkage factor, 1 016, determined by Van Oosten (1929) for 
the lake herring The legal length for perch in Michigan is 152 4 
mm (6 inches). This figure divided by the shrinkage factor equals 
150 mm Accordingly, all perch with a length of 150 mm or more 
(after preservation) are here considered to be of legal length. The 
number, age, and average length of all perch 150 mm or more in 
length are shown m Table 111 The percentage of legal fish in each 
age group is presented also. 

If the allowance for shrinkage was correct, 7 per cent of all the 
fish collected, or approximately 00 fish per acre, were of legal length. 
The ratio of legal females to legal males was approximately 4 to 1 



610 


Characteristics of Stunted Perch 
TABLE III 

Number, Aqe, and Sex or All Lboal-bizbo Perch 


(With total length of 150 mm or more when preserved) 


Number and 
percentage 
of all fish in 
age groups 

Age group 

11 j III ' IV 

I 

v jvi? 

f 

Over 

VI 

Total 

MalejFeraatojMale 

j i 

FetnalcsM ale!Female 

1 

FamaleFemale 

Female 

Male 

in 

• 

*3 

i 

Number 

Percentage 

1 

1 

1 31 

01 ,81 

i 

! 

SO 10 
SOI 202 

126 

894 

18 | 1 
100 | 100 

3 

100 

54 

20 

100 1 233 
130 | 70 


(199 to 64) Since Home of these fish had very large heads and were 
in poor condition, and since some were parasitized rather heav¬ 
ily (PI LXVI, Fig 1), the percentage of desirable legal-sized fish 
in the total population was very small, certainly less than 5 per 
cent 

For comparison of growth of the South Twin Lake perch with 
perch from other waters the lengths of this Kjiecies at different ages 


TABLE IV 

Average Standard Length in Millimeters of Perch in Various Aon 
Groups from Several Lakes (Adapted from Several Authors) 


Investigator 

IiOke 

Age group 

I 

II 

IH 

IV 

V 

Esohmeyer 

South Twin 

87 

86 

118 

129 

169 

Harkness 

Lake Erie 


144 

188 

187 

217 

Hile* 

Wawaaee (Ind) 

86 

129 

187 

108 

220 

Jobes t 

Lake Erie 

161 

178 

196 

213 

250 

Schneberger t 

Nebish (Wis) 

124 

157 

173 


245 

Schneberger | 

Weber (Wia) 


130 

158 

174 

191 

Schneberger || 

Silver (Wis) 


109 

120 

145 

173 


* Data for 1936* 1927, 1928 combined, 
t Data for 1927 and 1928 combined 
t Data for 1980, 1981, 1982 combined 
t Data for 1028,1980,1981,1982 combined. 
|| Date for 1928, 1980, 1981 combined 
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as determined by Harkness (1922), Hile (1931), Jobes (1933), and 
Schneberger (1935) are recorded m Table IV In all these studies 
the lengths given are measured lengths of fish taken in the summer 
or the fall It will be noted that, in general, the perch from South 
Twin Lake grew much more slowly than those from the other lakes 
This slow growth is brought out m a striking manner by comparison 
with Jobes’ data for the Lake Erie perch In Lake Erie the perch 
had attained an average size m the II group greater than that of 
the South Twin Lake perch in the V group 

sex RATIO 

For the entire population the sex ratio was 74 females per 100 
males, oi approximately a 3 to 4 ratio The ratios for the different 
lots were 


Lot 1 

80 females per 100 males 

Ixit 2 

54 females per 100 males 

Lot 3 

60 females per 100 males 

Lot 4 

74 females per 100 males 


The ratios vary considerably from one lot to another Incidentally, 
Lot 4, the smallest lot, showed a proportion of females to males 
identical with the proportion of the two Bexes for all lots combined 
It is possible that the poisoning was selective or that one sex floated 
more readily than the other after being killed However, if the 
poisoning was no more selective than capture by gill nets or other 
methods used to take fish, the data suggest that apparently random 
samples of a perch population may lack reliability m respect to the 
sex ratio It is possible that, at certain times of the year at least, 
these fish school in separate sexes 

In this slow-growing population of perch the larger fish tended 
to be predominantly females The fish with five or more annuli were 
all females In the IV group the females predominated, but in the 
I, II, and III groups males were decidedly more abundant than 
females Apparently the females had a considerably longer life span 
than the males, a condition which is common among fishes and 
among many other forms of animal hfe as well Geiser (1924) held 
that females are inherently better fitted than males to survive 
adverse environmental conditions Schneberger (1935) found the 
large fish to be predominantly females m two of the three Wisconsin 
perch populations examined by him Three of the four cisco (Leu- 
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nchthys artedi) populations of northern Wisconsin lakes studied by 
Hile (1936) showed a preponderance of females Hile stated, further, 
that “with the exception of tho irregular data on Silver Lake the 
females tend to become relatively more abundant as age increases " 

These observations offer strong support to the suggestion that in 
analysing a given sample of fish with respect to sex ratio the age 
composition must be given consideration Had gill nets been used 
to obtain the sample in South Twin Lake most of the young fish 
would not have been captured and females would have been found 
relatively more abundant Tho scarcity of young fish in Sohne- 
berger's samples of perch from Wisconsin lakes probably accounts 
for the disagreement between his data on the sex ratios in the species 
and those obtained for South Twin Lake Sehneberger found the 
ratio of females to males to be 100 126 m Nebish Lake, 100 76 in 
Weber Lake, and 100 71 in Silver Lake The conclusions were 
based on 355, 407, and 392 fish respectively Silver Lake, with the 
greatest concentration of perch and with the slowest-growing perch, 
had the largest proportion of females (58 per cent) It is possible 
that his sex ratios would have been decidedly different had he been 
able to examine a larger number of young fish The fact that the 
perch in South Twin Lake were dominantly young fish (primarily of 
the II group) certainly had a bearing on the sex ratio found for the 
fish in that lake and on the disagreement with Schncberger’s results 

CONDITION OF PEKCH 1 

Tho coefficient of condition, or “index of relative heaviness/ 1 was 

W X 10* 

determined for individual fish Tho formula K - — j x — was 

used, where W - weight in grams and L - standard length in 
millimeters 

Since the small site of the perch m the age groups 0,1, and II 
made it impractical to weigh all these individually, the values of K 
for fish m these age groups are only approximate The values of 
K were calculated individually for all older fish. Table V shows the 
value of K for each age group 

The values of K were identical for the males and the females m 
the I group. In the II group the males were m slightly better 

1 DuouMiona of coefficient of condition and length-weight relationship ere 
found In paper* by Hile (1086) and othera 
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TABLE V 

Average Valve of K for Perch in Each Aob Gbodf • 


Sex 

Age group f 

I 

II 

111 

IV 

V 

VI? 

Over VT 

Average 

Females 

1 40 

146 

151 

142 

146 

2 17 

107 

146 

Males 

140 

1 51 

141 

141 





Both sexes 

140 

140 

143 

142 

146 

217 

107 

1 46 


* Number of perch in each group shown in Table II 
t 0 group not included m this table 

condition, but in the groups older than II the condition of the 
females was better than that of the males The fish as a whole 
were m poorest condition in the III and IV groups 

The distributions of the individual values of K were determined 
for each sex m each age group older than II Without presentation 
of the extensive tabular material it may be stated that for most 
groups the distribution is approximately that of a normal curve In 
the population as a whole the condition vanes over a wide range — 
from a minimum of less than 1 0 to a maximum of over 2 0 The 
two extremes for females are shown in Plate LXV. 

A comparison of the condition of the South Twin Lake perch with 
that of perch in other waters as determined by Schneberger and Hile 
is presented in Table VI The fish from all the lakes were collected 
m summer or fall It will be noted that, with the exception of the 
Weber Lake II group, the condition of perch from South Twin Lake 
was poorer than that m the other four lakes In making comparisons 
of the K values for South Twin Lake perch with those of other popu¬ 
lations, it should be remembered that all the Twin Lake perch were 
weighed after preservation There is a strong possibility that the 
Twin Lake perch may have lost weight on preservation and that, 
consequently, the recorded values found for K may be too low. That 
fish do lose weight on preservation is indicated by the observer 
tions of Hile (1936), who found the shrinkage factor for the weight 
of cisco in one lake (Muskellunge) to be 1181, and in another lake 
(Clear), 1144. Data on the actual shrinkage of perch on preser¬ 
vation are not available 
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TABLE VI 

Value or K fob Pbbcr in These Wisconsin Labes and One Indiana 
Lake as Compared with Value of K fob the Pbhoh op South 
Twin Lake 


Investigator 

Lake 

Age group 

I 

II 

III 

IV 

V 

Eachmeyer 

Bouth Twin 

■VI 

1 49 

1 43 

142 

1 46 

Hile* 

Wawasee (Ind ) 


163 

1 60 

1 77 

9f 

Bchneberger f 

Nebish (Wis) 

Iffl 

164 

163 

1 72 

m 7H 

Bchneberger f 

Weber (Win ) 

163 

1 44 

1 54 

161 

g M 

Bchneberger t 

Silvor (Wis ) 


1 57 

100 

1 61 

9H 


* Data for 1020, 1027, 1028, and 1020 combined 
t Data for 1930, 1931, and 1932 combined 

HEAD LENGTH 

Repeated observations of systematise suggest that in normally 
growing fresh-water fishes the head grows relatively more slowly 
than the body In the South Twin Lake perch, however, the 


TABLE VII 


Head Length (B/H) 

Extreme head length in standard length 


Bex 

Age group 

I 

II 

III 

IV 

KM 

VI7 

Over VI 

Females 








Number 

1 

28 

76 

78 

18 

1 

3 

B/H 

320 

309 

284 

286 

296 

285 

306 

Males 








Number 

13 

42 

121 

5 




B/H 

811 

310 

290 

2 78 





head generally grew more rapidly, in proportion, than the body 
(Table VII). 

The South Twin Lake perch appear to be unusual also in the 
possession of a head relatively much larger than that ordinarily 
recorded for the species. Jordan (1029) indicates that in perch the 
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head length is contained in the body length 3J times The head 
length of the perch in South Twin Lake was obviously much greater 
than the head length given by Jordan for this species 

Attention should be called to a possible correlation between the 
coefficient of condition and head length A comparison of Tables V 
and VII suggests that, m general, the fish m poor condition have 
relatively the larger heads m this slow-growing population The 
III and IV groups were in poorest condition (Table V) f these same 
two groups had, relatively, the largest heads (Table VII) 

Because of the relatively large heads w this slow-growing popu¬ 
lation it was considered possible that the slow growth itself might 
be responsible for the large heads If this were true, the more rapidly 
growing fish of an age group might be expected to have the smallest 
heads However, a study of the head length for 128 specimens of 
the III group indicates that the head length vanes little with differ¬ 
ences w growth, although there is a suggestion that the head is 
larger m the faster-growing fish (130 to 150 mm) Because of the 
small number of specimens the averages for some of the intervals 
lack reliability The average sizes of heads for fish of different 
lengths are shown m Table VIII 

TABLE VIII 

Head Length (B/H) ok Pebch in Various Size Groups 
All specimens belong to one age group (III) 


Group interval 
in mm 

Number qf apectmen* 

B/H 

105-100 

6 

290 

110-114 

33 

2 87 

115-119 

67 

2.86 

120-124 

25 

285 

125-129 

10 

288 

130-134 

7 

311 

135-139 

2 

293 

140-144 

3 

297 


FOOD 

No study was made of the abundance of food organisms in the 
lake, but the stomach contents of a number of fish were examined. 
The stomachs of a considerable proportion of the larger fish con- 
tamed perch, most of which were undigested Very possibly, how- 
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ever, such a large number of fish may not normally contain perch in 
their stomachs It is probable that the smaller perch were incapaci¬ 
tated by the poison before the large fish were affected and were, 
therefore, easily captured by the large individuals In spite of the 
fact that the abundance of young perch in the stomachs of the larger 
fish was probably much higher than normal, the small perch obvi¬ 
ously are an important food item for the large individuals It is 
possible that the excellent condition of the larger females (part of 
the IV group and all older than the IV) is attributable to the pres¬ 
ence of the abundant supply of porch (chiefly the II group) small 
enough to be taken by them 

A stomach analysis of 34 fish of the I group indicated that insect 
larvae and nymphs and small crustaceans constituted almost the en¬ 
tire food supply Chironomids and Cladocera w ere the most common 
organisms The insects included also Diptcra (other than Chiro- 
nomidae), Ephemenda, Tnchoptcra, Coleoptera, and Odonata The 
stomachs generally contained relatively little food, but only one of 
the 34 was completely empty It was observed, further, that indi¬ 
vidual stomachs contained either insects or crustaceans, none were 
found to contain both forms 

Analysis of stomachs of the II group (50 specimens) showed that 
the food of this group is essentially the same as that of the I group, 
except that a greater proportion of the stomachs contained crus¬ 
taceans The insects included chiefly immature Diptera and Ephe¬ 
menda A few Tnchoptera were also eaten The Crustacea were 
mostly Cladocera 

Stomachs of 40 fish of the III group were examined The bulk of 
the food consisted of Diptera larvae and nymphs, wjth Chironomidao 
and Corethera predominating Some small snails and small clams 
were eaten, along with leeches, algae, Tnchoptera, Hemiptera, and 
Hymenoptera Six of the stomachs were empty > 

The food in the stomachs of 40 fish in the IV group was essentially 
similar to that of the III group The most important items were Dip- 
tera, with Corethera predominating Other forms, such as snails, 
clams, Odonata, Orthoptera, Coleoptera, Ephemenda, Tnchoptera, 
leeches, and crayfish, were taken m very small quantities 

If the population is considered as a whole, it may be stated that 
at the lime the perch were taken Diptera constituted the chief food, 
with Chironomidae and Corethera apparently supplying the bulk of 
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it In general, the stomachs were relatively very small and eon- 
tamed little food However, only 13 of the 164 stomachs were 
entirely empty A scarcity of satisfactory food organisms for perch 
of intermediate size probably accounts for the slow growth and the 
poor condition of the fish m this lake 

PERCH CYCLE 

There is some reason to believe, although the evidence is not con¬ 
clusive, that a definite cycle with respect to age and size composi¬ 
tion of the stock normally occurred m the population When the 
fish were killed over three fourths were of the II group, the 0 and I 
groups wen* very poorly represented It is possible that, because of 
the paucity of available food, the II group subsisted on the eggs or 
the young when these were available Had the fish not been poisoned 
most of the II group would possibly have died of starvation m the 
following year, although enough adult fish would probably have 
survived to assure adequate reproduction With most of the pred¬ 
ators removed by starvation (set* below) a large crop of young fish 
would possibly again have resulted In such a cycle one age group 
would be very abundant, would keep down the two following age 
groups by eating the eggs or young, would die of starvation in its 
third year, and, in dying, would make possible the survival of another 
group The dominant age groups in South Twin Lake for the ten 
years starting in 1934 would then have been (successively) II, 0, 
I, II, 0, 1, II, 0, I, II, provided the cycle was uniform The dom¬ 
inant group would invariably have been under legal size (six inches) 
In reply to a letter addressed to him, Mr William Horsell, superin¬ 
tendent of the Pigeon River State Forest, stated that in the last 
eleven years the perch m South Twin Lake had always been small, 
six inches or less in length 


STARVATION 

A number of factors suggest that ordinarily a majority of the 
fish may have died of starvation Few fish other than young ones 
were normally removed by man or by predators, since the lake was 
fished very little and there were predators large enough to take the 
larger fish Factors already mentioned which might suggest starva¬ 
tion of a considerable portion of the population are: (1) a decrease in 
condition in the III and IV groups combined, (2) the poor condition 
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of the population in general, (3) an unuHually large head, especially 
m the groups in poorest condition, (4) small mse of the food organ¬ 
isms in the stomachs, a fact that suggests an apparent scarcity of 
organisms of a siae intermediate between Diptera and small perch 
(II group), (5) small amount of food in the stomachs (regurgitation 
may possibly have taken place, however, when the fish were poi¬ 
soned), (6) apparent resorption of portions of the scales m many of 
the poorer individuals (see PI LXVI, Fig 2), (7) unusually large 
proportion of relatively young fish (II group) m the population, 
despite the fact that cannibalism was probably relatively common 
Although they were not studied m detail, a casual examination of 
the Bex organs in the emaciated individuals indicated that in such 
fish the gonads were relatively very small Although it cannot be 
proved definitely that many of the fish normally died of starvation, 
and although each of the items mentioned above may not in itself 
suggest starvation, the evidence, considered as a whole, indicates 
strongly that an madequate food supply was responsible for an early 
mortality and a consequent scarcity of old fish 

GENERAL CHARACTERISTICS OF THE POPULATION 

Gill nets, poison, and dynamite were employed to reduce m 
numbers (if possible, to exterminate completely) the perch popula¬ 
tion of South Twin Lake (Otsego County) Those perch which 
floated or which sank in shallow water were recovered and were 
studied by the wnter The study shows that (1) a total of 956 
perch per acre, weighing 29 pounds per acre, wore definitely present 
— the actual number and weight were of course greater than the 
number accounted for and their weight, (2) 7 per cent were 
legal fish (54 males, 199 females), (3) the fish grew quite slowly, 

(4) over three fourths of those recovered belonged to age group II, 

(5) the proportion of females to males m the entire population was 
74 to 100, (6) the young fish were dominantly males, the older ones 
dominantly females, (7) all fish over four winters old were females, 
(8) m general, the fish were ip poor condition, (9) they had unusually 
large heads; (10) the fish covered a wide range of condition; (11) 
Diptera constituted the primary food item of the fish, (12) there 
was possibly a definite cycle with the dominant age group always of 
less than legal sue, (13) there is some evidence to suggest that most 
of the fish normally died of starvation. 
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To what extent the concentration of the fish in South Twin Lake 
affected their growth and condition could not, of course, be deter¬ 
mined It should be pointed out, however, that this very dense 
population of porch has the slowest growth of all perch populations 
for which there are published records 
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A PRELIMINARY REPORT ON THE PAST AND 
PRESENT STATUS OF THE MOOSE, ALCES 
AMERICANA (CLINTON), IN MICHIGAN 

PAUL HICK1E 

MOOSE SITUATION ON ISLE HO VALE 

T HE moose of Isle Royale have attracted much attention m 
recent years not only because of their large numbers, and 
because of their great fuze, the ease ’with which they are seen during 
the summer months, and those occasional times when they show 
fearlessness of man, but because the mysterious and romantic spell 
of places far away, difficult of access, and little known has provided 
the perfect backdrop for their doings on the island When they first 
came to Isle Royale is a matter of conje< ture, possibly in the winter 
of 1912-13, os many believe, possibly before, but their rapid in¬ 
crease in the decade following 1915 was readily apparent and widely 
known 

Dr Adolph Murie (11), who investigated the moose situation in 
1929 and 1930, was one of the first wnters to point out the danger 
to the herd of foot! shortage, an almost inevitable consequence of 
herbivores in restricted areas and with no important predators, and 
states (p 39) “On Isle Royale all of the important winter foods 
as well as several species eaten only m summer are overbrowsed ” 
He points out the disappearance of water lilies and pondweeds, the 
exhaustion of ground hemlock, the heavy utilization of balsam fir, 
and the extensive overbrowsmg on saplings and shrubs He also 
mentions the presence of the spruce budworm and its deleterious 
effect on the balsams, one of the most important winter food plants 
of the moose on Isle Royale and elsewhere 

A large-scale map of the vegetation of the island was prepared 
by Dr K C McMurry (10), head of the Geography Department of 
the University of Michigan, in 1930 and 1931, which likewise re¬ 
corded widespread overbrowsmg by moose 
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J H Stephenson (17) and I H Bartlett, of the Game Division 
Staff, made' a short survey in September, 1931, and reported a seri¬ 
ous lack of winter forage 

This overbrowsing was not readily apparent to the lay observer, 
as is indicated by the writings of Ben East (6, pp 39-40), who visited 
Isle Royale m Februaiy, 1932, to make winter piotures Though 
he remarks on evidences of browsing seen, he did not believe food 
shortage was imminent, but admitted being unskilled m such mat¬ 
ters and he preferred to rely on the judgment of others more experi¬ 
enced with big game and their problems Less than two years later 
heavy depletion of the herd due, we believe, to malnutrition com¬ 
menced 

Dr Donald R Coburn and the author (8) investigated conditions 
in the spring of 1934 and found or accounted for at least forty dead 
moose, several of which were suitable for autopsy Many were young 
or middle-aged animals, so that death could not be ascribed to old 
age, and conditions suggested, almost unanimously, improper food 
and resultant starvation 

Later reports, during the summer of 1934, from inhabitants, 
resorters, and tourists, indicated a marked reduction from the 
numbers seen m the herd each year between 1922 and 1932, so 
that, after investigations m the summer and fall of 1934, a winter 
program of survey and experimentation was recommended to the 
Michigan Conservation Commission It was approved and the work 
commenced in November, 1934, and carried through the winter to 
May 16, 1935 

One part of the program called for an attempt to live-trap moose 
on the island, hold them captive until navigation to the island, which 
is discontinued dunng the winter months, reopened m the spring, and 
then ship them to the Upper Peninsula of Michigan for restocking 
purposes This was not a new idea, for in 1917 Oates (13, p 29) 
stated that the Department was considering the transfer of a 
number of moose from Isle Royale to the Michigan mainland. As 
recently as 1932 tentative plans and budgets for this work had 
been prepared by J H Stephenson, of the Game Division Staff 

Our live-trappmg and transporting experiment proved successful, 
and we were able to release nine moose at the Cusmo Game Refuge 
near Munimng in May, 1936 The release consisted of seven females 
and two males 
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Their removal from Isle Eoyale could not be regarded as any¬ 
thing but desirable, for the feeding conditions are so severe that it 
is a question if within the range of any individual moose there is 
sufficient food of a suitable nature growing naturally to provide for 
it, but what justifies their release on the mainland? The following 
pages attempt to answer this question 

HISTORY 

We know that the fur trade was the chief industry m Michigan 
from the middle of the seventeenth century until the middle of the 
nineteenth century, a period of two hundred years or more, when 
wild life was hunted and trapped intensively to produce fur for 
world-wide markets We assume that during this time and the 
periods of lumbering and farming that followed most forms of wild 
life were reduced m numbers and some even exterminated by hunt¬ 
ing or by removal of their habitats Moose are now scarce m 
Michigan, and naturally the question arises, “Have they always 
been scarce, or were they once abundant and later reduced by too 
much hunting or cultural development?” 

A search for early records of Cervidae in the literature of the 
seventeenth and eighteenth centimes, when white men were first 
exploring and settling in Michigan, is complicated by the fait that 
the newcomers, seeing resemblances in New World forms to the 
European game with which they were familiar, applied the Old 
World names This might have proved satisfactory if care and 
exactitude had been used, but such was not the case Thus arose* 
the unfortunate application of the word “elk” to our American 
form which closely resembles the common European red deer ( Cervu* 
elaphus ), while the form that was nearly identical with the European 
elk became “moose ” To carry the thing to an almost absurd end¬ 
ing, the moose is sometimes known as “the flat-homed elk,” while 
the wapiti is the “gray or round-homed moose " 

One of the earliest and most interesting records of moose in the 
proximity of Michigan is found m the memoir of Nicolas Pcrrot (14, 
p 126), which tells of Indians snaring twenty-four hundred moose 
(Han*) on Monitoulin Island (Isle des Outaoflas) in the winter of 
1670-71 To illustrate the danger just mentioned, that of mistaking 
identities, we find 3ailey (1, p 40), in his account of Mackinaw, trans¬ 
lating Perrot’s French as “The Salteurs , secured more than two 
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thousand four hundred elks on Manitouhn Island but since 
the original work uses 6lan y we are safe m calling them moose instead 
of elks 

About a century later, in the biography (3, p 361) of a Chippewa 
Indian who hunted around the Montreal River south of the Apostle 
Islands, moose are listed as game, and the Indian tells of his en¬ 
counter with an unfriendly bull moose which he killed with his knife 
tied to the end of a stick 

Writers in more recent times have found the moose scarce in 
Michigan Little importance ean be attaihed to its absence from 
the mammal list prepared by Dr Abram Sager (9), state zoologist, in 
1839, for he includes only the animals he observed, but Dr M Miles 
(20, p 222, footnote), also a state zoologist, writes, in 1860 “The 
Moose is seldom Heen within the limits of the State Hunters inform 
me that it is still occasionally taken, but it ir rapidly disappearing 
from its former haunts ” It may be significant that at this time 
heavy inroads were being made on the forests of the state by lumber¬ 
ing 

Wood and Dice (21, pp 468-469) have published several records 
of moose having been seen or taken since about 1880 m both the 
Upper and the Lower peninsulas, but they have no specimens from 
the Lower Peninsula Hatt (7, p 401) includes them on testimonial 
evidence m his list of mammals of Leelanau County as formerly 
present, and Creaser (4, p 597) records for the Home county two 
teeth and a portion of a maxilla 1 Within the last few years several 
sight and sj)ociinen records from the Upper Peninsula have come to 
the Game Division, but these indicate widely scattered individuals 
or small groups of not more than three animals 

To summarize the history of the moose in Mulligan, we may say 
that early records show they were commonly hunted in the north¬ 
ern part of the state, although possibly they were not so plentiful 
as m other areas to the east, north, and northwest, that the number 
of moose was very limited in the latter half of the nineteenth century, 
owing to one or more factors, such as unsuitability of habitat, exces¬ 
sive hunting, the so-called phenomenon of “drift,” or some other 
unknown influence; and that they are probably as numerous now 
as they have been at any time dunng the last sixty years 

1 Dr Creaser states that on further examination this record proves to be of 
wapiti rather than of moose 
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This historical background reassures us somewhat of the suita¬ 
bility of Michigan as a habitat for moose and, likewise, indicates that 
certain areas are, or can be made, favorable for them, but their 
scarcity m recent years shows that wo should study the problem and 
do those things which are worth while and desirable to assure the 
success of our restocking experiment 

FOOD 

Smce the presence of proper feedmg conditions is probably the 
most important factor in determining the range of moose in Michi¬ 
gan, one of the first things that should be undertaken is a study of 
the abundance and the suitability of browse On Isle Royale, where 
wmter food was generally insufficient, the moose moved about a 
great deal, probably searching for better areas, and when they failed 
to find them, many died of malnutrition, hence, if good browsing is 
not present in the region we wish to stock, we must try to make it 
available 

Scientists have long been familiar with the fact that m the 
Temperate Zone solid coniferous forests of large trees, or mature 
deciduous forests, support a very small quantity and vanety of wild 
life With no form is this relationship to the forest more apparent 
than with the moose It is believed that an increase of moose in the 
Northern Peninsula has been brought about by the cutting off of 
some of the heavy timber and the creation of slash areas, with their 
great variety and abundance of tree shoots, shrubs, ferns, and herbs 
Henry Bannon (2, p 273) gives as the reason for the drift of the 
moose into the Cassiar country of British Columbia the heavy 
growths of willow and other brush that followed the forest fireR 
which consumed the big timber Raymond Thompson (18, p 402) 
describes an area in the foothills of northern Alberta near Lake 
Athabaska, where it was not uncommon to count as many as two or 
three doaen moose in one day, as the finest moose country he had 
ever seen, and gives as the reason the destruction of the virgin 
timber by fires which had “paved the way for a rank growth of 
scrub birch, alder, and similar trees on which moose chiefly browse ” 
On Isle Royale moose have frequented the “bums” which are cov¬ 
ered with shrubby growths, small deciduous saplings, and young 
balsams until most of these plants are either browsed back to sorag- 
gly steins or destroyed entirely 
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Time alone will tell when and whether it is necessary to provide 
“bum” or slash areas for the moose herd The Game Division is 
now experimenting with “forage” cuttings for deer, that is, cutting 
a certain amount of a stand of trees at the critical period of the 
winter so that the deer may eat the tops, and at the same time 
provide a chance for a new growth to come up and furnish food for 
deer later on No doubt moose would use these same areas if they 
were within range, but if not, it might be necessary to provide sep¬ 
arate forage cuttings for them Whenever this problem anses it will 
be found not only that it costs money to cut down trees, but that 
foresters may even feci that the trees are more valuable than the 
moose This is not without precedent, for, according to Salvesen 
(16, p 62), farmers in Norway say they would rather have wood 
than moose meat and hides However, it should be pointed out 
that the species of trees moose prefer, balsam fir, birch, poplar, etc , 
arc probably the least valuable of the forest species In many places 
on laic Royale moose have so completely destroyed the balsam that 
these areas are now growing solidly to spruce, a more valuable 
species, which the moose seldom touch 

Otto Schierbeck (16, pp 28-29) sums up the discussion m his 
article “Forestry vs Game Cover,” in which he points out the 
dependence of big game species on the understory of the forest and 
the effect of fire, timber cutting, and the maturing of the forest as 
factors m creating or destroying this understory He suggests that 
a guiding hand may be required to maintain the proper browse 
conditions and warns that at times such practice may not be com¬ 
patible with the forestry principles of producing a maximum yield 
of valuable timber. 

To the game men he says “Have we as yet come to an under¬ 
standing of the necessary browse area required by our different big 
game animals? Is there anyone who has yet prepared a list of the 
shrubs or plants which our big game animals prefer? Is there anyone 
who has made a study of the growing conditions of those shrubs 
which are so necessary to the welfare of our game or given a thought 
to the best methods of growing those shrubs or to the treatment of 
the forest in order to make them thrive?” 

The answer to most of these queries is as yet in the negative, but 
we believe we have a fairly comprehensive list of the plants used by 
moose for food throughout the year on Isle Royale. It comprises 
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the work done by Mune (11, pp 32-35), the studies made by the 
author in the winter of 1934-35, consisting of both field observa¬ 
tions and feeding experiments, and lists and accounts from other 
sources A bst of twenty of the more important woody plants used 


TABLE I 

Pahtial List of Woody Plants Eaten by Moose and Debb in Michigan, 
with a Preference Rating for Each * 


Preference rating A — Preferred, B * Freely eaten, C - Poorly eaten 


Preference rating 

Common name 

Scientific name 

Moose 

Deer 



Comparisons based on Identical species 

B 

C 

White pme 

Pinus Strobus 

A 

C 

Balsam fir 

Abies balsamea 

B 

A 

Arbor vitae 

Thuja occidentals 

C 

C 

Juniper (procumbent) 

Juniperus communis var de- 




pressa 

A 

A 

Ground hemlock 

Tax us canadensis 

A 

C 

Poplar (aspen) 

Populus trewuloides 

A 

A 

Birch (white) 

Betula alba var papyrifera 

A 

B 

Willow 

Salix species 

B 

B 

Red oak 

Quercus borealis 

A 

A 

Mountain ash 

Pyrus amencana 

A 

A 

Juneberry 

Amelanchier species 

B 

C 

Pin cherry 

Prunus pennsylvamca 

B 

A 

Hard maple 

Acer saccharum 

B 

A 

Mountain maple 

Acer spieatum 

B 

A 

Dogwood 

Cornus stolomfera 

B 

A 

Staghorn sumac 

Rhus typhlna 

A 

B 

Honeysuckle 

Lonicera species 



Comparisons based on closely related species 

A 

(No data) 

Beaked hasel 

Corylus rostrate 

(No data) 

fi 

Hasel 

Corylus americana 

A 

(No data) 

Salmonberry 

Rubus parviflorus 

(No data) 

A 

Raspberry 

Rubus specie* 

B 

(No data) 

Red-berried elder 

Sambuous racemose 

(No data) j 

B 

Common elder 

Sambucus canadensis 


* Murie (11) was used in part for the list of plants, but the author is responsi¬ 
ble for the preference ratings given for moose 1 H Bartlett, Game Division, 
Michigan Department of Conservation, rated the plants for deer preference 
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by moose for browse, with a preference ratmg for each, is included 
here (Table I), but the at tual production of suitable areas of browse 
is a far cry from a simple listing of plants 

Partly with this browsmg problem in mind and partly to provide 
browse for our captive moose on Islt Royale, we cut an acre of more 
or less typical birth-poplar-balsam cover The browse was cut from 
the felled trees, weighed, and fed to the moose, and the leftover 
brush weis weighed when we removed it from the feeding racks The 
trees on this acre averaged about three inches breast height, and 
there were 327 balsam firs, 630 white birches, and 26 poplars, as well 
as a few scattered trees of other species, a total of about a thousand 
Four hundred and thirty-four small saplings and one hundred and 
twenty-fi\e large trees, almost all of which were dead or entirely 
Jacking in browse, were not counted in this total 

We cut and fed three* and three-quarter tons of browse from this 
acre, of which the moose consumed roughly two tons These studies 
showed that a moose requires approximately twenty-five pounds of 
browse a day, and indicated that a mixture of coniferous and decidu¬ 
ous browse was preferred to either one alone, for given a feeding of 
balsam alone, the moose showed a marked preference for deciduous 
browse at the next feeding and vice versa There tan be little doubt 
that a variety of food plants is necessary for the welfare of moose 
Our figures are somewhat rough and incomplete*, but they will serve 
as a basis for management procedures until more extensive and 
accurate data are available 

Competition for food brings up another consideration Virginia 
deer and hares may be bchous competitors, the latter only when 
they are very abundant For comparison, the plants eaten by 
moose have been given a preference ratmg for both moose and deer 
Analysis reveals (Table I) that there is no competition for five species, 
whde for fifteen there is direct competition On the whole, this is 
little more than on indication of rather close competition, for the 
lists on which this is based, and the ratings given each species require 
further study, from the standpoint of relative and seasonal abun¬ 
dance as well as of availability 

ENEMIES 

The moose we release m the Upper Peninsula will encounter a 
certain number of natural and human enemies The moose has little 
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to fear from its natural enemies • bears, wolves, dogs, and coyotes 
The bears, which hibernate in winter, will not bother it in this period, 
when feeding and traveling are hard Wolves, dogs, and coyotes, 
however, can and will trail it to some extent, but unless the snow is 
too deep and heavily crusted, a healthy moose is well able to take 
care of itself None of these enemies is apt to bother the moose 
very muih, but it is the human enemy and human culture which 
most menace the suecess of our program 

Poat lung and “mistaking for a dew” are the most smous factors, 
if we are to judge from the experience of New York m trying to 
roHtock the Adirondacks with moose* years after they had been shot 
out The rejiorf of the Forest, Fish and Game Commission for 1906 
(12, p 303) gives as the reason for the failure of the experiment the 
fact that but fifteen moose were released, half of which were hulls, 
and that several of the (ows were killed at the very outset of the 
work With twenty-five to thirty thousand deer hunters in the 
Upper Peninsula of Michigan every year not many would have to 
make a mistake before our moose herd would be destroyed Moose 
and deer are not difficult to tell apart, but neither are elk and deer, 
yet m 1935 at least five elk were killed near the Pigeon River Refuge 
during the deor-hunting season 

It is expe< ted that hunting will be advisable after the herd has 
established itself, for without important predators or hunting to hold 
the moose population in check the area would become overstocked 
and the food supply exhausted, as has occurred on Isle Royale We 
welcome the sportsman in the capacity of a reasonable check on 
overpopulation, yet we recognize that hunters must not be allowed 
to take so many moose that a suitable breeding stock is not left to 
replenish the herd annually ' 

Department of Conservation 
Lansing, Michigan 
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I INTRODUCTION 

T HE need for a statistical approach to the problem of the flight 
of fishes was pointed out by Breder m 1929 In the same year I 
made observations on the basis of which a critical discussion and a 
statistical analysis of the flight of the Exocoetidae were attempted 
(Hubbs, 1933) The aim was to add some degree of objectivity 
and precision to the study of this interesting question, which has 
ordinarily been approached m a superficial, uncritical, nonquantita- 
tive manner The conclusions of that paper, since they were based 
largely on observations made with new methods m East Indian 
and Philippine seas, have needed the confirmation of additional 
observations and records made in other waters 

An opportunity to collect such obviously needed additional data 
on the flight of fishes presented itself early in 1935, when I traveled 
across parts of the Gulf of Mexico and the Caribbean Sea, from New 
Orleans to Puerto Bamoe, Guatemala, between January 30 and 
February 2, and from Tela, Honduras, to New Orleans, between 
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May 6 and 8. My companion on the Carnegie Institution of Waah- 
mgton-Umvereity of Michigan Expedition to Guatemala in 1836, 
Dr Henry van dcr Schalie, assistant curator of mollusks in the 
Museum of Zoblogy of the University of Michigan, generously 
assisted in taking the numerous records on these two steamer tnpB 
Borne further data, on the flight of the California flying fish, were 
obtained on a previous trip, in 1934 

For permission to quote from their pertinent field notes on the 
flight of fishes thanks are expressed to S C Brooks, H Walton Clark, 
Thomas Barbour, and C M Breder, Jr 

11 THE MECHANISM OP PLIGHT BY THE TYPICAL FLYING FISHES 

(Parexocoetus and the cyfseluhinak) 

The new observations being reported in this paper confirm our 
previous statements on the mechanism of flight by Parexocoetus and 
the Cypselunnae 

A considerable number of California flying fish, watched from a 
launch just south of Santa Cruz Island, California, on August 28 
and 29, 1934, were seen to fly essentially as previously described 
(Jordan, 1907, and other papers, Hubbs, 1918, Loeb, 1936) The 
folding of the fins just before the end of the flight, the use of the 
pelvic fins as stabilizing and balancing planes, and the use of the 
caudal fin as a vertical rudder in the air were not agam observed, 
but no very large number of the fish were seen in the air, and I was 
m a rather unhappy condition for making detailed observations 

Broder’s observations (1929, p 307) on Atlantic species and 
mine on the California species, m regard to length of flight as 
related to direction of wind, were not, as he thought, entirely 
contradictory Writing, in 1918, “when flying with the wind, dis¬ 
tances of about a quarter mile are occasionally made/ 1 I referred 
to flights w which the fish took off into the wind, then seemingly 
tacked into it much as a soaring albatross does in following a ship, 
finally swerving around so far as almost to float along with the 
strong wmd before the end of the long flight. The smaller flying 
fishes seldom seem to control their long flights so accurately or so 
effectively 

The smaller flying fish of the Gulf of Mexico and the Yucatan 
Channel — for instance those 16 to 26 cm. long seen near 26° N. Lat, 
88° W. Long., on January 30, 1036 — many but not aU of which 
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seemed referable to Parexocoelua, taxied on the average less than 6 
meters m gaming momentum for a flight, and not infrequently rose 
directly from the sea to make short leaps of about 2 to 7 meters In 
these respects the Gulf flying fish behaved like the Atlantic species 
of Parexocoetue observed and recorded by Breder (1922, p 309) The 
generally larger Pacific species referable to Cypsdurus (sensu lain) 
which I observed very seldom leaped directly from the water, and 
they taxied on the average for longer distances The Gulf of Mexico 
fish agreed with those of the Pacific m always making a definite taxi 
before a really long flight Most of the taxiless flights were started 
very close to the ship, as though the fish had been too suddenly 
fnghtened to take off normally Such direct leaps resembled the air 
vault of a Mugil or a Coryphaena more closely than the real flight of 
a flying fish 

The flying fish observed south of the Yucatan Channel (in the 
Caribbean Sea), apparently mostly Cypselurue and immediate allies 
rather than Parcxocoetus, seemed to skim the waves more accurately, 
showing better vertical control of flight They vaned in estimated 
length from 12 to 38 cm In this region the flights were almost 
invariably preceded by a taxi This was apparent at all times, but 
was most strikingly seen in the early morning and in the evening, 
when, because the light came from near the horizon, the taxi tracks 
were very conspicuous on the surface, often being observed when 
the fish themselves could not be discerned. 

In every flight carefully watched m the Gulf of Mexico and 
Caribbean Sea the pectoral and the pelvic fins (wings or planes) 
were both held taut and motionless while the fish was in the air 
The only motion of the pectoral fins seen was the vibration of slight 
amplitude, which certainly seemed a mere physical response to the 
effective motive activity, the side-to-side lashing of the tail as the 
fish taxied away for a flight The simultaneous vibration of the body 
and wing tips as the tail swept back and forth at the surface and 
the knifelike rigidity of the planes during the actual soar were seen 
with uncommon dearness when a fish rose a few feet ahead of a 
launch on which I was riding m Belize Bay and flew away straight 
forward, so that its apparent motion was veg^Ught 

A still more favorable opportunity for^Srobservation of the 
method of flight by exocoetids was once experienced by Dr Thomas 
Barbour, who writes to me as follows; 
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Once in a uniall power Hkiff off Watlinga Inland we ran out into a very 
heavy pwell, left over from a big blow, not breaking at all but putting us in the 
situation of having a green wall of water higher than my head on each side of the 
lauiuh, a h we would run along from time to time in a trough between two seas 
Now I could look nght through these waves, or water walls, when the light was 
exat tly nght, and 1 saw flying fish take off and fly on many occasions, some of 
them passing so close to my face that it would have been no trick to catch them 
with a Hhort-handlod net, which, needless to say, T did not have It was, however, 
a most perfect opportunity to see the way the flsh planed that anyone could 
possibly ask for and not one of them flopped its wings, even in salute 

My previous indication (1929, pp 588 590) that the vibration 
of the tail during the taxi is very rapid was confirmed in Yucatan 
Channel on January 31, 1935, when 1 distinctly heard a rather high- 
pitched note produced by the tail movements of flying fish taxiing 
away in schools 

Mills 1 claim (1936a, 19365) that flying flsh intentionally lower 
their tails in preparation for a new taxi records a tendency which, con¬ 
trary to his statement, I also observed, without, however, attempting 
to judge* in any way the fish’s intentions 

The longer taxis observed m the Gulf of Mexico, comparing 
favorably with those seen in the Pacific, seemed to last about one 
second One long third taxi of a compound flight was closely timed 
by stop watch as 1 0 second 

Observations by Professor 8 C Brooks (sent, with permission to 
quote, m a letter dated June 25, 1933) bear on the question of the 
speed obtained by flying fish in their flights The strongest flyers of 
the equatorial current, large lavender-winged fish approaching 50 
cm in length, easily outsped the boat, which was making 17 to 18 
knots He estimated their take-off speed as between 30 and 40 
statute miles per hour, m rough agreement with other estimates 

III RELATION BETWEEN DIRECTION OF WIND 
AND DIRECTION OF FLIGHT 

In a previous contribution (Hubbs, 1933, p 595) I stated “The 
claim has been made that flying fishes invariably take off into the 
wind, but I have seen them scoot away toward all points of the com¬ 
pass while a strong wind remained in one quarter ” This statement 
rather opposed the indication by Breder (1929, pp 307, 311) that 
flying fish ordinarily, like airplanes, take off into the wmd Breder 
wrote "Totalling those from the windward side we get 230 and 
those from the lee 85 or, m other words, nearly three times as many 
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flow into the wind as with it ” My 1936 observations prove the cor¬ 
rectness of the general view supported by Breder Possibly the 
Atlantic species take off into the wind much oftener than do the 
Pacific forms, on which my earlier observations were made More 
probably, however, my conclusion, quoted above, unduly empha¬ 
sized the exceptional flights made with the wind, and was impressed 
on my mind after observing the indiscriminate direction of flight 
on virtually windless days, when the sea was glassy-smooth 

Our first test of the relation between direction of wind and direc¬ 
tion of flight gave very definite resultR This test was made in the 
Gulf of Mexico at about 26° 15' N Lat, 88° 00' W Long, from 
10 15 to 11 45 a m on January 30, 1935 The direction of move¬ 
ment of Hlnp, of wind, of whitecaps, and of the flights, as well as 
compass bearing, are all shown in Figure 21A There was little 
swell, running at nearly right angles to a fresh breeze, throwing up 
a few irregular whitecaps, the sky was overcast at first, but later 
was clear, the Sargattsum was thin and m small clumps The ob¬ 
servations were made in a balanced way by Dr van der Schahe 
and myself, watching simultaneously from either side of the bow and 
changing sides several times to avoid a personal error Of the 178 
fish counted flying to windward, including several flocks of from 5 
to 20, about 95 per cent took off at nearly nght angles to the ship, 
in the sector shown in the figure, from various places between a 
point 5 meters ahead of the extreme bow and a point 12 meters 
behind the bow, some flew slightly forward, many made compound 
flights On the leeward side the four fish that were seen to rise 
all headed straight forward at the start of their flight, and three 
tended to round the bow, swinging into the wind as shown m the 
figure, none of the four made a compound flight Clearly the flying 
fish showed an extremely strong tendency to take off into the wind 
This tendency of the flying fish to take off and fly into the wmd 
was further indicated by a second series of observations, made dur¬ 
ing the afternoon of the same day about 40 miles farther south 
The conditions, diagramed in Figure 21B, differed m that the 
wmd had shifted so that its direction fluctuated from the port beam 
to the port stem, instead of from the port bow 4# the port beam, and 
the whitecaps were now more nearly at nght angles with the wind 
In apparent consequence, the fish now took off from any point 
opposite the front half of the ship's length, and showed as much 
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Fra 21 Direction* taken in flight by flying fish frightened Into the air by a 
steamer, a* related to direction of wind For detailed discussion see text 
In A 26 per cent of the fish flew off to windward in the sector indicated. In 
C 40 fish flew off to windward in the sector indicated 
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tendency to fly slightly backward as slightly forward to the ship's 
direction Although no accurate counting was attempted on this 
occasion, it was clear that almost all the many fish seen flying again 
rose on the windward side The only ones seen flying on the lee side 
comprised a flock of four, which rose from near the bow of the ship, 
first heading forward, but almost immediately swerving to the wind¬ 
ward, rounding the bow, 

Even when the fish were flying more abundantly later m the 
same afternoon not one was seen to fly to leeward, or to round the 
ship's bow so as to head into the wind A very few rose on the lee 
side to fly straight forward parallel with the ship's course Most of 
the fish observed throughout the whole day soared off roughly at 
right angles with the ship The length of these fish, many of which 
seemed to be Parexocoetes , varied from about 15 to 25 cm 

Two senes of counts of flight direction made on January 31, 
1935, from 7 15 to 8 15 a m and from 11 30 am to 12 30pm, m 
the Yucatan Channel, further confirmed the view that flying fish fly 
into the wind The first senes was made at about 21° 15' N Lat, 
86° 34' W Long ; the mean location for the second senes was the 
noon position of 20° 18' N Lat, 86° 40' W Long The counts of 
fish naing to windward and leeward and the direction taken in 
flight differed sharply, in obvious relation to the direction of the 
wind (Figs 21C-D) So long as the wind, though from the stern, 
remained very distinctly on the port side, most of the fish (46) flew 
off more or less at nght angles to the vessel from the port side of 
the front half, the three that flew on the starboard side, instead of 
heading forward and rounding the bow as previously, made off at 
nght angles, in flights of 1, 2, and 3 leaps respectively But when 
the wind shifted into an almost strictly stem direction, the fish took 
off and flew in about equal numbers to port and to starboard. The 
wind came from a few points to the port, and slightly more fish (55) 
flew to port than to starboard (51) Furthermore, the fish nsing to 
the port or slightly windward side arose from various points along 
the rear two thirds of the boat, and showed a strong tendency to fly 
off or to swerve toward the rear, that is, into the wind Those that 
rose on the starboard or slightly lee side rose fkom the front half of 
the ship, and made off more or less at right angles For some time 
previous to and following the second series of counts, the same wind 
condition prevailed, and the fish flew in a similar direction. 
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Observations confirming the view that flying fish take off mto the 
wind were 1 made on the northbound journey from Tela, Honduras, 
to New Orleans Typical flights, all to windward, were sketched on 
five occasions, as shown in Figures 21Fr-I Figure E illustrates 
flights as observed on May 6, 1935, m the Caribbean Sea north of 
Tela during the morning and about noon, when the position was 
10° 44' N Lat, 87° 10' W Long , there were a moderate breeze, a 
fairly heavy swell, and a choppy sea Figures 21F-G show flights 
observed on May 7,1935, at about 6 30 and 8 00 A M , m the Yuca¬ 
tan Channel, at about 21° 00' N Lat, 80° 10' W Long, and 21° 
20' N Lat, 80° 10' W Long, respettively, Figure 21H shows 
flights seen about 3 00 p M of the same day, north of Yucatan, at 
about 22° 55' N I^at, 80° 40' W Long , during this day the sky 
was mostly cloudy, and a moderate east breeze and sea were recorded 
As on the southward trip, the fish flew toward both sides when 
the wind shifted to a direction approaching that taken by the ship 
This condition obtained in the Gulf of Mexico, early on May 8, 
1935, at about 20° 35' N Lat, 88° 15' W Long There was a light 
swell, a slightly choppy surface, but almost no whitecaps Dark 
glasses were used to avoid the early morning sun glare The direc¬ 
tions of ship, of the wind, and of the flights are shown m Figure 211 
The results of the observations were as follows 


Time 

6 10-fi 35 am 
6 35-7 00 am 


Counts of aU fish seen 
flying to port {west) 

195 (counted by Hubbs) 

128 (counted by van der 
Scholia) 


Counts of all fish seen fly¬ 
ing to starboard (east) 

90 (counted by van der 
Schalie) 

80 (counted by Hubbs) 


A total of 323 fish flew to port, slightly into the wind, 176 to star¬ 
board, slightly with the wind 

The two sets of observations showing that flying fish make off m 
both directions when the wind is nearly in line with the boat suffice 
to indicate that no importance may be attributed to the circum¬ 
stance that they took off and flew almost exclusively to the eastward 
m the other observations cited above 

The observations revealed that most fish flew eastward into the 
wind at all times during daylight, from early morning until late 
afternoon, as the ship plied southward and also northward Since 
the direction of light was reversed about noon, we conclude, with 
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Breder (1929, pp 309-310), that the direction of sunlight is not a 
dominant factor in determining the direction of flight dunng the 
day 

The stimulus responsible for directing the flight into the wind 
must usually operate under water before the fish break the surface, 
for those observed maintained a straight line as they emerged, taxied 
to gain speed, and rose into the wind They emerged on the lee 
side as seldom as they flew on tins side 

The reason why fish fly away from a ship to windward we may 
assume to be either (1) because those on that side are more fright¬ 
ened, owing perhaps to vibrations rebounding from the splash of 
waves against the windward side of the ship, or (2) because they 
possess reactions which induce them when disturbed to take off into 
the wind, and inhibit them from taking oft with the wind Or both 
reasons may operate 

No thoroughly satisfactory explanation has been given concern¬ 
ing the nature of the underwater stimulus which almost unerringly 
acquaints the fish with the direction of the wind above the surface, 
causing it to emerge and to fly off into the wind The swiftness 
of the underwater movements of the fish complicates the problem of 
understanding how it perceives the subaqueous directional stimulus 
Breder (1929, pp 307-308) suggests that the wave motion of water 
particles is the critical stimulus Visual response to surface wave 
movements is another possibility, confirmed, though very imper¬ 
fectly, by the observation, in the Gulf of Mexico, of two fish flying 
off at night from the leeward side of the ship, whereas none was seen 
at night on the windward side It is quite possible, however, that 
these two fish had been attracted to the lights of the'ship, had struck 
it without being mortally injured, and were flying off again when 
seen 


IV OBSERVATIONS ON PLYING PISH AT NIGHT 

The observation just recorded shows that flymg fish at least occbt 
stonally fly at night Many reports, furthermore, have been made 
of their lighting on the decks of vessels at night It has also been 
observed that flying fish, exhibiting a very strongly positive pho- 
totropism, gather rapidly about a surface light In a cove on the 
south side of Anacapa Island, California, on the night of August 29, 
1934, a strong electric light hung^n a reflector just above the water 



660 


Carl L Hubbn 


surface attracted at first scores and finally several hundred uni¬ 
formly large adults of Cyjmlurua califormcus They seemed to be 
dazed as well as attracted by the light, for they frequently rammed 
the side of the boat, which they almost never do m the daytime 
Most of them struck the boat while rushing about just under the 
surface, but Borne hit the side while flying or skipping The fish thus 
injured, some slightly stunned, others seriously or even mortally 
wounded, sluggishly swam about near the light, so that they were 
very easily captured by spear or dip net They occasionally made 
short, sporadic flights and surface skips, far below the standard of 
their strong diurnal flights (Hubbs, 1018) Many, but perhaps only 
the injured ones, held their pectoral fins more or less widely spread 
as they lazily moved about under water, or before they reached the 
water surface — apparently also in contrast with their diurnal habits 

That other species of flying fiBh show very similar behavior under 
a light at night is indicated by the following observations kindly 
sent to me by Mr H Walton Clark, of the California Academy of 
Sciences. 

On May 29, 1932, while anchored off Marshall Point, Albennarle Island, 
Galapagos, we hung near the surface of the water an electric light which at¬ 
tracted a great school of pink-winged flying fish The light apparently blinded 
the fish, for many dashed against the side of the yacht, knocking themselves 
unconscious nr killing themselves, so that there were a number of corpses float¬ 
ing on the surface I think most of the fish had boon stunned or killed while 
under the water or at the surface before flying I often saw them open the 
pectoral fins just a moment before leaving the water — that is, at night about 
the light I have never seen them strike a boat in daytime, although they occa¬ 
sionally came on deck, one striking Mr Swarth a sharp blow on the shoulder 
while he was seated at lunch 

Similar observations on the reactions of flying fish to a light at night 
were published by Bredcr (1934, pp. 34-36), Loeb (1936, p. 261), 
and others 


V ABUNDANCE OF FLYING FISH 

Our four actual counts of all flying fish observed during stated 
periods of time are given again in Table I, in a form and with cal¬ 
culations to agree as closely as possible with Breder's figures on the 
number of flying fish observed at different places under varying 
conditions, and his calculation of the population per square mile 
(Breder, 1929, Table I and text) Our counts, all made by two 
persons, are not wholly comparable with those of Breder because 
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we did not restrict our count to fish which rose within the arbitrarily 
defined limit of the ship’s disturbance (“the curl of the bow wave/’ 
approximately fifty feet from the ship) Therefore our figures are 
somewhat higher than they would have been had they been made 
by his method, but not very greatly so, because most fish rose near 
the ship 

The calculation of the fHipulation per square mile by the method 
used by Breder can hardly be expected to give very exact data, 
because we have no proof that all flying fish within fifty feet of the 
ship rise into the air The fact that very few rise to the lee of a 
beam wind suggests that by no means all fly when disturbed by 
the ship A stem wind which causes them to fly off to both sides 
might well be expected to lead to a higher count and hence a 
higher estimated population than would a beam wind in the same 
locality Our count of 299 fish per half-hour observation obtained 
on May 8 in the Gulf of Mexico, much higher than the maximum 
given by Breder (1934, p 33), was made when the fish were flying to 
both sides 

The percentage of the fish near the ship’s course which take to 
flight may vary greatly with a variety of physical conditions The 
enormous fluctuations from hour to hour in the number seen indi¬ 
cates that some meteorological conditions may be related to the 
flying propensity For instance, large numbers were observed in 
the early morning of May 8, when 499 woro counted flying in the 
fifty minutes before 7 00 a u , whereas on the same day there were 
half-hour penods when not more than a dozen were seen in the air 
Similar fluctuations in abundance of the fish (m the air) were noted 
in the East Indian region, where at times, as I now recall, it was not 
uncommon to see 500 or more per half-hour periods more or less 
interspersed with penods when very few fish were taking to flight 

Since the calculated figures can hardly be expected to give exact, 
absolute values of the population of flying fish per square mile and 
since they are of value chiefly as relative figures, it is proposed that 
the number of fish seen flying in each half-hour penod of observation 
be used for the purpose of analyzing geographical variation m their 
abundance The fish rising more than 50 feet from the vessel should, 
we believe, also be included, for these are obviously frightened by 
the ship, since many rise to windward in the belt from 50 to 300 
feet distant, while few nse to leeward m this belt Furthermore 
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many of those rising about 100 feet from the ship may well have 
been frightened away from a position very elose to it, but have 
swum that distance under water before taking to the air 

The great fluctuation observed from hour to hour in the number 
of fish driven into the air by the steamer indicates that it would be 
very difficult to determine their geographical variation in abundance 
by plotting even a large number of ac( urate counts Of course, cer¬ 
tain areas of marked searcity and of outstanding abundance could 
be so indicated Numerous counts on our 1935 trip, for example, 
would have suggested a very low concentration near the Mississippi 
delta and close to the coral reefs and beaches of British Honduras, 
Guatemala, and Honduras, but relative abundance m the open, west¬ 
ern parts of the Gulf of Mexico and the Caribbean Sea and the con¬ 
necting Yucatan Channel In these waters, however, the exoeoetids 
were by no means uniformly indicated as abundant, for almost none 
flew for considerable periods between times when many were on 
wing 


VI THE NUMBER OF SUCCESSIVE LEAFS 

The tendency of typical flying fishes (Parexococtus and Cypselu- 
rinae) to prolong their flights by making more than one leap has been 
repeatedly noticed and discussed, for instance, by Breder (1929), 
Hubbs (1933, 1935), Mills (1936a, 19366), and Forbes (1936), among 
recent writers on fish flight Breder recorded 29 apparently selected 
counts of the “number of touches” (»intermediate taxis, or number 
of leaps minus one) Hubbs gave 299 counts made by random selec¬ 
tion about the Philippine Islands When analyzed according to 
varying conditions of observation, these figures indicated that the 
number of leaps per flight was uniform and virtually independent 
of wind and Bca and size and species of fish 

The 447 new counts, made m the Gulf of Mexico and the Carib¬ 
bean Sea in January, February, and May, 1935, are presented in 
Table II These give a somewhat higher average, 2 4 versus 2 0, 
than the counts made in the Philippine waters, summarized m the 
same table The distribution of the counts, however, is remarkably 
similar, indicating further a uniformity in the characteristics of flight 
throughout the typical flying fishes The maximum number of suc¬ 
cessive leaps observed m the Atlantic was 11, in the Pacific, 12 
The relatively few counts for the California flying fish, made on Au- 
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TABLE II 

Number or Successive Leaps in Flight or Flying Fish 


Locality 

Number of leaps in flight 



I 

B 

B 

a 

B 

9 

□ 

9 

B 


B 

D 

Gulf of Mexico and 






H 









Caribbean Sea 

210 

76 

62 

34 

28 




2 


1 


447 

24 

Santa Crus Island, 















California 

18 

2 

2 

1 









28 

14 

Philippine Islands 

164 

63 


23 

6 

6 

3 

2 


8 


1 

299 

20 


gust 28 and 29, 1934, just south of Santa Crus Island, California, 
and given in the same tabic, although hardly sufficient to yield a sig¬ 
nificant average, do suggest that the huge Cypselurue califomtcus less 


TABLE III 

Relation or Sue or Fish to Number or Leaps in Flight 
Data for Gulf of Mexico and Caribbean Sea, 1936 


Estimated size of fish 

Number of leaps m flight 

Total 

Av 

1 

2 

3 

4 

6 

6 

7 

8 

9 

Small, 16 to 20 cm 

10 

5 

1 

2 

1 

2 

1 



22 

25 

Medium, 20 to 25 cm 

36 

12 

8 

3 

2 

2 

1 

i 

1 

66 

22 

Large, 25 to 36 cm 

20 

3 

10 

3 

2 

2 

2 



42 

25 


often indulges in compound flights than do smaller species of the 
group In the Gulf of Mexico and the Caribbean Sea, however, 
there seemed to be no significant differences in the number of leaps 
taken by the small, medium, and large fish observed (Table III). 

VII DURATION or FLIGHTS 

Breder (1929, pp. 304, 310) published the first data of conse¬ 
quence on the length in seconds of the flight of flying fishes, basing 
his 29 observations on Atlantic species Hubbs (1938, pp 896-399, 
and fig 67) followed with 424 timings of the duration of flights or 
parts of flights in Asiatic waters. Our new observations, involving 
the tuning of 196 flights in the Gulf of Mexico and the Caribbean 
Sea in 1986, are presented in Table IV, along with the comparable 











































655 


Flight of Fishes 
TABLE IV 

LdnOTH IK SXOONDfi OF FUORT OF FlTIKQ Fj&H 

The time was measured for both simple and compound flights, from the mo* 
ment the fish left the water at the completion of the initial taxi until it re&ntered 
the water, and therefore includes the intermediate taxi periods. The figures 
outside parentheses are for the western Atlantic; those within parentheses are 
for the western Pacific In the western Atlantic the times were recorded to tenths 
of a second, and the averages worn computed from the original, unnlassed data. 
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figures for the western Pacific (the latter in parentheses) The 
longest single-leap flight timed m the western Atlantic lasted 13 
seconds, as m the western Pacific The duration of the compound 
flights lasting longer than 13 seconds was 14, 15, 16, 17, and 17 
seconds in my Atlantic observations, and 14, 16, 16, 19, 22, 23, and 
28 seconds in my Pacific ones Commenting on his observations 
made on the Atlantis expedition of 1934, Breder (1934, p 33) wrote 
that* 

The longest timed [compound] flight amounted to not quite twenty seconds, 
during which time a surprising distance can be covered However, much longer 
flights are sometimes to be observed 

Breder stated (in a letter) that some untimed compound flights cer¬ 
tainly lasted longer than 20 seconds, though none approached the 
record flight of 42 seconds timed by Captain B W Leek (reported 
by Breder, 1929, p 310) One flight of four leaps, made by a Cali¬ 
fornia flying fish (Cypselurus califomicus) just south of Santa Cruz 
Island, California, on August 29, 1934, was tuned by me with a stop 
wateh as of 14 seconds duration Professor S C Brooks, who spent 
many hours watchmg and timing flying fish on a trip to Tahiti, 
and also about Panama, Cuba, and other lands, wrote (m a letter, 
June 25, 1933) that the longest flight timed by him lasted 24 sec¬ 
onds These observations on the duration of the longer flights in the 
Atlantic and m the Pacific are in good agreement 

The flights in the Atlantic, however, as shown in the bottom row 
of Table IV, averaged briefer, for each given number of leaps in the 
flight, than those in the western Pacific The difference m the 
observed duration of flights m the two oceans was apparently due to 
the difference m the size of the fish The comparable timings on 
the Pacific species were made in a region, east and northeast of 
Luzon, where most of the fish were very large, being 25 to 45 cm 
long About two thirds of the Atlantic fish whose flights were tuned 
were estimated to be only 15 to 25 cm long Contrary to the con¬ 
clusion m my earlier report (Hubbs, 1933, p 609), which was not 
justified by the data presented in Table I of that paper, it now 
becomes evident that the larger fish on the average make longer 
flights than do smaller ones (see Table V of this paper) This 
revised judgment is in line with the conclusion by Breder (1929, 
p 310), which, however, was based on hardly sufficient data 

Professor S C. Brook’s unpublished observations indicated that 
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TABLE V 

Relation of Size or Fish to Duration of Flight 

For the western Atlantic records the durations of the flights were determined 
with a stop watch, and were originally recorded to tenths of a second, the aver¬ 
ages wore computed from the original, unclassed data The figures for the western 
Pacific are taken from Hubbs (1029, p 507) 



Estimated size 

of fish making 

Estimated size of fish makmg 



simple flight 



compound flight 


Time to 
nearest 

In western Atlantic 

IuW 

Pacific 

In western Atlantic 

In W 
Pacific 

second 






_ 

Small, 

Medium, 

l^arge, 


Small, 

Medium, 

Large, 

Usually 



15 20 

20-25 

25 35 



20-25 

25 35 

25 45 


cm 

cm 

cm 


cm 

tm 

cm 

cm 

0 


10 


1 

1 

2 



1 


ft 


14 

3 



3 

2 


5 


18 

1 

2 


2 

3 

1 

4 


7 


2 

2 

6 

4 

1 

6 


2 


2 

1 

2 

5 


3 


2 

1 

3 

2 

3 

0 


2 

1 

3 


2 

1 

1 

7 

1 

1 




2 

4 

3 

8 



1 

i 


2 

4 

2 

0 






2 

1 

4 





1 


5 

2 

3 

11 






3 

1 

1 

12 






1 

1 

1 

13 



1 




1 

4 

14 






1 


1 

15 




■ 


1 



16 




■ 



1 

2 

17 







2 


18 




■ 





10 




■ 




1 

20 









21 









22 




■ 


• 


1 

23 








1 

24 




■ 





25 




■ 





SV'TiHi 




■ 





27 









28 




pjfW 




1 

Total 






mm 



speci¬ 

mens 

10 

36 

H 

53 

12 


22 

42 

Avenue 
time in 






19 



seconds 

22 

24 

33 

32 

45 

mm 

86 
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m the equatorial current and adjacent waters the large lavender¬ 
winged flying fish, which approach 50 cm, in length, made flights 
which he was quite sure averaged longer than those I observed in 
eastern Asia The longer flights of the larger fish are no doubt due 
(as Dr Brooks pointed out by letter) to the fact that inertia, like 
mass, vanes with the cube of the length, while air fnction, like sur¬ 
face, vanes with the square of the length The lesser inertia but 
greater air resistance mvolved in the flight of the smaller fishes simi¬ 
larly explains why their flight tends to be more erratic than that of 
the larger ones 

As shown m Table V, the large fish in the Atlantic made flights 
which averaged almost exactly as long as the flights of the Pacific 
species observed For simple flights (of one leap) the average time 
was 3 3 seconds for the large Atlantic fish and 3 2 seconds for those 
of the Pacific region, where the fish were large, for compound flights, 
8 6 and 8 8 seconds, respectively 

The later leaps in a compound flight tended to be short, but 
sometunes were of considerable duration Two timings of long third 
leaps in the Gulf of Mexico were of 3 2 and 3 3 seconds. 

During the tnp m the Gulf of Mexico and the Caribbean Sea in 
1935 the impression was clearly gamed that a negative, compensatory 
correlation exists between the duration of the first and the second 
leaps A very short first hop, if continued, was typically followed 
by a strong taxi and a long second soar A very long flight, if con¬ 
tinued (often it was not), was seldom followed by a long second leap 
Accurate statistics correlating the time of first and second leaps, 
readily obtainable, would add an interesting item to our knowledge 
of the flight of fishes 


vm, SUMMARY 

New observations on the flight of fishes were made chiefly in the 
Gulf of Mexico and the Caribbean Bea in 1935. 

Previous determinations of the mode of flight by typical flying 
fishes are verified Parexoeoetus seems to be a somewhat weaker 
and less expert flyer than are the Cypselunnae, and probably leaves 
the water more often in short, direct leaps Power for all except 
incipient flights of Parezocoetua and Cypselunnae is obtained by the 
lashing erf the tail in the surface taxi. The wings remain taut after 
the fish wholly leaves the water. 
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Flying fish when frightened into the air by a ship take off almost 
exclusively from the windward side of the vessel, usually at right 
angles, when the wind is definitely from the side They fly to both 
sides when the wind is from the stern They show a tendency to 
turn toward the wind, especially the few that nse on the lee side of 
the steamer The stimulus that determines the direction m which 
flying fish take off must operate under water, and is not the direction 
of sunlight, it may be underwater wave motion, or it may be a visual 
stimulus They fly on the windward side of a Hhip probably either 
because of vibrations rebounding from that side or because flights 
to leeward are definitely inhibited 

Flying fish are attracted to a light at night and often injure 
themselves then by striking the ship Under the light they fre¬ 
quently swim slowly with wings expanded 

The number of fish seen flying m the Gulf of Mrxico and the 
Caribbean Sea in 1935 vaned greatly from hour to hour The high¬ 
est count was 499 in 50 minutes* Reliable 1 calculations of the flying 
fish population per square mile appear unattainable by counting 
those frightened into the air by a ship The number seen per half- 
hour period of observation seems adequate to represent roughly the 
relative abundance of the fish under different conditions 

In our 447 Atlantic observations the number of successive leaps 
in a flight ranged from 1 to 11, with an average of 2 4, and did not 
vary with the size of the fish 

The 195 Atlantic flights tuned vaned in duration from 0 to 13 
seconds, averaging 2 7 seconds for simple flights and from 0 to 17 
seconds for compound flights The larger fish flew on the average 
longer than the smaller ones 

Univbrjhty or Michigan 

SUPPLEMENT Am NOTE 

In a recent abstract Carter and Mandcr (1935) confirm the view 
that the flight of flying fish is a glide, and state that measurements 
of cinematographs of fish in flight indicate the maximum speed to 
be 25 to 30 miles per hour (in agreement with previous estimates) 
They further indicate that flying fish, traversing the air at such 
speeds, could not travel in still air as far as they are observed to 
fly, and that they therefore probably make use of disturbances in 
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the air above the uneven surface of the water This interpretation 
is at variance with my observations in Asia (Hubbs, 1933), which 
indicate that the characteristics of fish flight were about the same 
over glassy-smooth seas and over rough water 
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IODINE AND THE PRODUCTION OF PER¬ 
MANENT TADPOLES IN THE FROG 
(RANA PIPIENS) * 

JESSIE L METCALF AND CHARLES W CREA8ER 

I T IS well known that tadpoles in whieh the thyroid has been 
destroyed never transform into frogs unless given iodine or 
thyroxin (Allen, 1918, Hoskins, 1919) Recently we have pro¬ 
duced some permanent tadpoles, without operative procedure, as 
an unexpected result m other experiments This work is now being 
checked as a major interest, and many very suggestive points have 
arisen which cannot be studied until more specimens are available 
It seems, however, that it may be possible to devise a very fine 
physiological test for iodine when present in exceedingly small 
quantities 

These tadpoles wen' the product of ff rtilization of eggH obtained 
in experiments on ovulation induction Hence the source of water 
from the beginning of growth is known The eggs were stripped 
on March 28, 1935 The larvae were fed on lettuce and common 
white bread The water for the period up to June 1 was the tap 
water of the City of Detroit At that tune, when they were about 
20 mm long, they were taken to a village on Lake Huron and kept 
m water from an artesian well until August 10 From August 10 
to September 15 they were kept in water from a small brook and 
were then returned to water of the Detroit system in the laboratory 
On March 20, 1936, two specimens of the group were still alive 
They had been at the maximum size for their species (84 mm ) 
for approximately two months They should have transformed, at 
the latest, seven months before, but they still gave no signs of 
becoming frogs They had developed hind legs, but the front legs, 
although in one specimen they were seen through the skin fully 
developed, had not emerged and the tails were undimimshed In 

* This investigation has been aided by the government agency NYA and 
the alumni research fund of the biology department of Wayne University 
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a word, they had not transformed into frogs The condition of the 
lungs and other organs was not known 

That the difficulty lies in the lack of sufficient iodine is evidenced 
by the experiment of giving a high iodine environment to certain 
individuals from the same lot These soon transformed, as shown 
by the development of fore limbs and the absorption of tails 

It is evident, therefore, that tadpoles may be kept alive and 
raised m an environment so low m iodine that they remain tadpoles 
Whether (1) an effect is produced in early stages which enables so 
little thyroid to be formed that the later iodine content in amounts 
normal to the region fails to metamorphose them, or whether (2) 
there is too little iodine m the tap water of Detroit to metamorphose 
them even with a normal thyroid development cannot be determined 
until wc have more specimens 

It is of great interest to know that Detroit city tap water is 
too low m iodine to cause transformation of these tadpoles Cer¬ 
tainly the iodine content of our local natural frog ponds cannot be 
much higher Chemists seem to have no easy or reliable test for 
iodine at these concentrations, and no careful test of the iodine con¬ 
tent of the Detroit city tap water has been reported, according to 
the chemists of the filtration plant It would Hoem desirable to 
devise, if possible, a method not involving considerable evaporation 
for the determination for iodine at these concentrations Tadpoles 
of a closely related species raised in distilled water to which had 
been added 0 000,001 m iodine will transform, as has been shown 
by Lynn and BTambell (1935) In distilled water (with food very 
low in iodine) they will not transform It would seem that the 
iodine threshold lies below this figure (0 000,001 m), with more 
specimens we hope to determine the limits for this frog (Ram ptptene) 
It may be possible thus to devise a very delicate physiological test 
for iodine based on the transformation of tadpoles Similar tests 
of remarkable sensitivity for certain hormones are well known 

With the well-established correlation between low iodine content 
and goiter incidence, as shown by McClendon and Williams (1923) 
and Kimball (1920), and the well-established beneficial effect of sea 
foods and iodised salt, as indicated by McClure (1935), it would 
seem that consideration should be given again to this low iodine 
content in water of the Detroit system It might at least be ad¬ 
visable to raise the content to that of the drinking water m ocean- 



Iodine and the Production of Permanent Tadpoles 663 

port cities such as Baltimore, where goiter incidence is much lower 
and where the iodine content is known to be sufficient for metamor¬ 
phosis of a closely related species of frog, a fact discovered by Lynn 
and Brambeil (1935) 

In any event we again have a very interesting experiment show¬ 
ing how we gam control of the frog by a careful understanding of 
its biology We can cause an egg to be laid, inseminate it artifi¬ 
cially, raise the tadpole, and make it remain a tadpole by giving 
it an environment low in iodine In a similar fashion it is likely 
that, if we could understand the biology of man, we might control 
some of his social and economic problems 

Waynk Umvkhsity 

Dbtboit, Michigan 
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BIOLOGY OF THE BOXWOOD LEAF MINER 
(MONARTHROPALPUS BUXI LABOU) 

IN MICHIGAN* 

DONALD T RIES 

T HE cultivation of boxwood in Michigan as an ornamental plant 
is not a common practice because of the difficulty in carrying 
the plants through the severe winters In the vicinity of Detroit, 
however, the writer found several plantmgR A number of reports 
were received durmg the fall of 1031 that many of the larger bushes 
looked sickly and that the leaves showed signs of bronzing and with¬ 
ering Upon investigation they were found to be infested with the 
boxwood leaf miner {Monarthropalpua buxi Labou) The adult of 
this mBect is a small mosquito-like fly, reddish yellow and very frail 
It belongs to the order Diptera and the family Gecidomyndae It is 
a European msect and was brought into this country from France 
and Holland sometime prior to 1910 It was m that year that 
Dr E P Felt first reported its occurrence in this country on mate¬ 
rial sent to him from Rhode Island 

The injury to the host plant is done by the larvae feeding on the 
tissues of the leaves, which causes the foliage to wither and drop off 
prematurely. This premature dropping leaves the plant undernour¬ 
ished, scraggly, and very unsightly (PL LXIX, Pig 2), as com¬ 
pared with the dense green foliage of healthy bushes Instead of 
retaining their leaves over a period of several years, the heavily 
infested plants rarely keep them more than slightly over a year, and 
the foliage is thin and ragged 

In the vicinity of Detroit the adults (PI LXIX, Fig 1) of the 
boxwood leaf miner begin to emerge from the leaves sometime dur¬ 
mg the latter part of May and continue to emerge over a period of 
ten to twelve days The two sharp cephalic horns enable the semi- 

* This work was earned on while the author was associated with the Gran- 
brook Institute of Science, Bloomfield Hills, Michigan The paper was read 
before the Michigan Academy in February, 1934 
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active pupae to break through the thin lower epidemuR of the leaf, 
and soon afterward the adults emerge They push out until a little 
more than half the body is projecting The adults crowd the body 
forward within the pupal skin and split it lengthwise on the thorax, 
releasing the head, then the antennae and the wings, after which 
the legs are released and, finally, the abdomen The entire process 
takes four to five minutes The wings are entirely expanded and 
the adults are able to walk or fly about three to four minutes after 
releasing themselves 

Matings were observed taking place on the plant within a short 
tunc after emergence Dunng oviposition, which occurs very soon 
after mating, the female thrusts the curved, needle-like ovipositor 
through the lower surface of the leaf The clutinous ovipositor has 
a shallow slit on the dorsal side through which the egg passes Dur¬ 
ing oviposition the caudal portion of the abdomen is drawn up under 
the rest of the body After insertion of the ovipositor the abdomen 
is moved from side to side, as if to enlarge the cavity in which the 
egg is to be deposited Oviposition requires from five to eight and 
one-half minutes, according to observations made by the writer No 
opening is distinguishable after the ovipositor is withdrawn The 
eggs may be seen easily, however, especially on the new growth, by 
holding the leaves up to the light 

The eggs (PI LXIX, Fig 3), when taken from the leaves, are 
distinctly flattened and nearly circular They have a tough mem¬ 
branous covering that is without sculpturing or markings, and are 
very pliable They are whitish to transparent Eggs dissected 
from the ovaries of females were more or less oval and averaged 
about 0 28 mm m length and about 0 15 mm m width Just how 
many were laid by a single female was not accurately determined. 
Ovarian examinations showed from 45 to 70 present, while oviposi¬ 
tion records of nearly 200 females m laboratory cages showed an 
average of 33 per female 

The eggs hatch into the curled first instar larvae (PI. LXVII, 
Fig 4) about two weeks after deposition These larvae remain 
curled m a semicircle m the cavities in which the eggs were laid 
They are white and measure about 0 85 mm in length The first 
instar larva possesses a conical head segment on which are found 
the small papilla-like antennae, and extremely small, almost indis¬ 
tinguishable, apparently unchitimsed mouth parts; a distinct neck 
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segment, three thoracic segments, and nine abdominal segments 
The surface is smooth, except for a few minute tubercles forming a 
band at the intersegments! furrows The writer was able to distin¬ 
guish only six pairs of spiracles, on the first six abdominal segments 
The first uist&r lasts about four weeks 

The second mstar larva assumes a spindle shape and averages 
about 1 6 mm m length It is widest m the thoracic region and 
slightly compressed dorsoventrally Spiracles are easily distinguished 
on the prothorax and the first abdominal segments The body is 
distinctly tuberculate on the dorsum and sides, with a band of small 
tubercles forming the cephalic edge of the ventral sclerites There 
are four stout sharp setae on each thoracic and on the first to eighth 
abdominal segments, one below each spiracle and a second slightly 
lower oil the side A pair of small pointed appendages arc found on 
the caudal margin of the last abdominal segment Tins mstar begins 
mining m the leaves and causes the “blisters” to form on the lower 
surface The second mstar lasts eight to ten weeks 

In the tlurd instar the tubercles become more pronounced and 
the typical forked “breastbone” appears This instar is formed 
sometime during September, depending upon the length of the pre¬ 
ceding mstar The larvae average about 2,0 mm in length The 
stout, spinelike setae on the abdominal segments become more pro¬ 
nounced and considerably darker The winter is passed in this 
stage 

The yellowish fourth mstar larvae (PI LXVII, Fig 2) are found 
during the latter part of March or the first part of April They 
average about 2 5 mm m length The tuberculatum is vory distinct 
in this stage The head is conical and chitmised with small single- 
segmented antennae The mouth parts (PI LXVII, Figs 3, 5) are 
made up of an upper lobe (labrum), a chitmised conical mandibular 
lobe on each side, with a triangular maxillary lobe below each, and 
a median triangular lower lobe (labium) A sharp, needle-like pro¬ 
jection is found on the distal end of the maxillary and labial lobes 
There is a distinct neck segment immediately behind the head On 
the prothorax are found the prothoracic spiracles laterally, while the 
“breastbone” occurs on the venter Upon dissection it is found that 
the “breastbone” extends oaudad to the caudal margin of the pro- 
thorax as a chitimsed process, where it broadens into a T-shaped 
bar. The abdominal appendages are very distinct and seem to help 
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in locomotion The fourth instar lasts two or three weeks before 
pupation occurs 

Pupation takes place the beginning of May and lasts about two 
and one-half weeks The pupa (PI LXVII, Fig 1) is cylindrical, 
gradually tapering toward the caudal end, and averages about 2 5 
mm in length It is yellowish white The legs, wing pads, antennae, 
and head are fuscous The head is equipped with a pair of strong 
cephalic horns at the base of each antenna On each lateral margin 
of the prothorax is a single stout seta Antennae are exposed and ex¬ 
tend to the caudal portion of the first abdominal segment Wing 
pads extend to the middle of the third abdominal segment, while the 
legs arc free and extend taudad to the fourth abdominal segment 
The surface of the pupa is slightly tuberculate The last, small (one- 
hke abdominal segment bears two small chitimzed horns Just before 
emergence the wing pads, legs, and antennae become nearly black 

The male adult is about 2 0 mm in length, with the antennae (PI 
LXVIII, Fig 4) sparsely haired, nearly as long as the body, and of 
fourteen segments, the fifth with stem two or three timeH the diam¬ 
eter and three circumfila with short, rather stout loops Palpi each 
of one long segment somewhat expanded distad and sparsely setose 
Mesonotum, scutellum, and postsc utelluin yellowish orange, sub¬ 
median lines sparsely haired Abdomen sparsely haired, orange, 
the basal segments lighter, the distal ones bright orange, genitalia 
yellowish Wings hyaline, costa dark brown, third vein uniting 
with costa at apex Halteres orange at base, fuscous yellow distad 
Legs uniform yellowish orange, claws tapering Basal clasp seg¬ 
ment of genitalia (PI LXVIII, Fig 3) stout, terminal clasp segment 
short and stout, dorsal plate broad and triangularly emargmate, 
with broadly rounded lobes, ventral plate long, broadly and roundly 
emargmate, with tapenng lobes 

The female adult (PI LXVIII, Fig 1) measures about 2 5 mm in 
length Antennae (PI LXVIII, Fig 2) extending to fourth abdomi¬ 
nal segment, sparsely haired and reddish, of fourteen segments, the 
fifth with stem about one half the length of the cylindrical basal 
enlargement, which has a length about three times its diameter and 
rather lugh circumfila at the basal third and apicaUy, terminal seg¬ 
ment with length about twice its diameter, irregularly obtuse Body 
nearly uniform reddish orange, with abdomen sparsely haired Ovi¬ 
positor short, rounded, and with a curved chitinous spme 
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The length of life of the adults is from 7 to 10 days unless a severe 
storm disposes of them sooner 

As has already been noted, the first mstar larvae remain curled 
in the oviposition cavity during the entire period Their mouth 
parts do not appear well enough developed to be used for feeding 
After the first molt, when tho larvae assume tin spindle shape, the 
cells around the oviposition cavity begin to grow abnormally large 
The larvae Reem to puncture the colls and feed on the rontents It 
seems possible that the larva excretes an enzyme that <auses this 
abnormal growth of the cells The act of oviposition does not c ause 
the cells to enlarge, since no noticeable enlargement takes place until 
after the hc< ond instar larva is formed This hypertrophy of the 
cells does not extend beyond the feeding limit of the larvae 

The period during which this insect may be controlled is at best 
only a few dayB To be effective control measures must be applied 
during the brief time when the adults are at large, since the tgg, 
larval, and pupal stages are spent within the tissues of the leaf 
The best time for applying c ontrol measures is while the adults are 
emerging and before they deposit their eggs 

The author is indebted to Mrs Elizabeth Burkmcyer, of Cornell 
University, for the drawings of the adult, the larva, the pupa, and 
the male genitalia, to the Agricultural Experiment Station of Mary¬ 
land (Bull 272) for the photographs of the eggs and the branch 
showing the adults emerging (PI L.X1X, Figs 1, 3), and to numer¬ 
ous growers in Michigan for cooperation w supplying matenal 

Ithaca, New York 
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Via 1 Ventral vie* of pupa 

Fig 2 Dorsal view of fourth instar larva 

Fia 3 Dorsal view of head, showing arrangement of mouth parts 

Fig 4 Lateral vie* of first instar larva 

Fig 6 Cephalolateral view of head of mature larva 



Fia 1 Adult female MamrthropalpuB ban 
V la 2 Banal portion of antenna oi female 
2* hj 3 Male genitalia 
Flo 4 Banal portion of male antenna 
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STUDIES ON THE FEMALE REPRODUCTIVE 
SYSTEM OF THE PRAIRIE DOG, 
CYNOMYS LEUCURUS 

II NORMAL CYCLIC PHENOMENA OF THE 
OVARIAN FOLLICLES* 

ALFRED H STOCKARD 
INTBODU CTION 

I N PREVIOUS papers the author has outlined the reproductive 
and seasonal activities and the gross morphology of the female 
reproductive system of the praine dog (1929, 1930, 1934) This 
paper embodies a description of certain normal cyclic phenomena in 
the ovary 

The investigation was conducted on a senes of 192 reproductive 
tracts from animals collected in Wyoming between March 27 and 
July 4 in 1923,1927, and 1928. General descnptions of the matenal 
and the technique of its preparation have already been published 
(1934) Complete senal sections were made of one ovaiy from each 
female taken in 1925 and 1927 and of each female taken after par- 
tuntion in 1928 After histological preparation the ovanes were 
studied under a Spencer binocular microscope with 15X planoscopic 
oculars and a 18 mm. N.A 126 horn immersion objective Meas¬ 
urements were made with an ocular micrometer calibrated against 
a stage micrometer Cytological drawings were made with the aid 
of the equipment listed above and a Spencer camera lucida, yielding 
a magnification of 2,260 diameters Photographs were made on 
“Eastman Wratten M Plates" in a perpendicular bellows camera 
box above a Letts research microscope equipped with achromatic 
lenses A Spenoer “cold-nose" microscope lamp provided the illumi¬ 
nation. 

* Contribution from the Department of Zoology, University of Michigan 
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PRESENT STATUS OF THE PROBLEM 

De Graaf (1672), Von Baer (1827), Valentin (1838), Bischoff 
(1842 to 1854), and Pfltigcr (1863) made important studies on the 
structure of the ovary, but were handicapped by inadequate mate¬ 
rial, primitive technical methods, and a lack of related information 
The work of Waldeyer (1870) ushered in a series of modem investi¬ 
gations on the structure and the functions of the ovary 

The development of the ovary must be followed in order to 
determine the relationship of its many parts Certain structures 
which appear during foetal or early postnatal life become vestigial 
or obliterated before sexual maturity is attained, and others undergo 
complete < hange of form, position, or relation during development 
Dunng the period from 1900 to 1908 Winiwarter and Sammont pub¬ 
lished a series of memoirs on their studies of the ovary of the cat 
No other adequate study on the morphogenesis of the ovary of a 
mammal has been reported B M Allen (1904) and Kingsbury 
(1913) reported studies which agreed with some results and disagreed 
with others obtained by Winiwarter and Sammont- It was thought 
that a detailed investigation of the structure and development of 
the ovary m some one mammal might harmonize the findings of 
these authors in the cat, the pig, and the rabbit and provide a firmer 
morphological basis for additional investigations 

GENERAL STRUCTURE OF THE MAMMALIAN OVARY 

The ovary of the prairie dog, m common with the ovaries of other 
mammals, presents two major zones, cortex and medulla (PI LXXI, 
Fig 1) The cortex is a broad, firm peripheral region, interrupted 
at the lulus and surrounded by a dense tunica ovarii, which is cov¬ 
ered by a simple ovarian epithelium The cortex is made up of 
Graafian follicles embedded in a stroma of loose connective tissue 
The medulla is a central, spongy mass devoid of follicles, but indis¬ 
tinctly delimited from the cortex It is composed of loose connective 
tissue, many large blood vessels, nerves, muscle cells, and occasional 
medullary cords and tubular remains of the rete ovarii Medullary 
and retc tissues continue through the lulus into the mesovanum 
Embedded in the hilus and mesovanum are epofiphoral vesicles of 
vanous sizes and numbers 

Though there is lack of agreement as to the denvation of the 
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several parts of the mammalian ovary, the following outline, based 
on the work of B M Allen (1904), appears to incorporate the opin¬ 
ions of most recent investigators (1) The ovarian epithelium gives 
rise to ova, 1 follicular epithelium, medullary cords, and retc ovaru, 
(2) The stroma (of mesenchymal origin) differentiates into tunica 
ovam, loose connective tissue, thecae folheuh, interstitial cells, and 
muscle colls, (3) Vascular tissues, nerves, and the epoophoron invade 
the ovary from the meaovanum. 

GENERAL CYCLIC PHENOMENA 

During the life eyrie of the pramo dog the curve of physiological 
activity of the reproductive organs rises rapidly to a crest at puberty 
and recedes slowly to senility Seasonal and oestrous cyclic changes 
are superimposed on the hfe-cychc changes Many of these changes 
are sufficiently marked to obscure the hfe-cychc changes, but the 
latter overshadow other less conspicuous ones In ovaries from wild 
animals of unknown ages it is often impossible to distinguish between 
life-cyclic, seasonal, and oestrous changes 

The presence of life-cyclic changes is well known in man, and 
presumably they occur in all mammals, but m none have these 
changes been followed through a complete life period Until these 
changes have been studied over the normal life of some mammal 
they will continue to be disturbing factors in any morphological 
investigation of the ovary 

OVARIAN EPITHELIUM 

The ovanan epithelium in the adult prairie dog is a simple 
cuboidal layer covering the tunica ovaru (PI LXX, Fig 1) Its 
cells have indistinct membranes and relatively large nticlei They 
are packed closely together and are high over concave portions, but 
more widely spaced and low over convex portions of the organ The 
nuclei usually appear spheroidal in the high cells and oval m the low 
ones On careful examination they are found to be cut into lobules 
by deep fissures The chromatin is in the form of an irregular net¬ 
work or in granules, and two or three indistinct karyosomes are 
present Mitotic figures are extremely rare Occasionally cells with 

1 Strictly, "ovum” i» the cell after discharge of the second polar body and 
before the fusion of the male and the female pronudei For brevity, the term ib 
here applied to all recogniiably potential ova. 
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large, clear nuclei are seen in the ovarian epithelium Such cells 
resemble those described by Hargitt (1930) in the rat as young ova 
The possibility that they are young ova is not dewed, but they also 
have the appearance of epithelial cells approaching mitosis 

In extremely rare instances single cells, folds, or columns of cells 
extend into the tunica ovam, though retaining their connection with 
the epithelium (PI LXX, Fig 2) These intrusions usually occur m 
the area adjacent to the lulus and where the epithelial cells are most 
crowded The cells are similar m appearance to the ordinary ovanan 
epithelial cells, and seem to be forced from the surface rather than 
to be actively invading the tunica Occasionally small clumps of 
epithelial cells are found m the tunica, where its fibers run at an 
angle to the surface, and numerous cysts of similar cells he deeper 
in the ovary (PI LXX, Figs 2-3) The destiny of the cysts is sub¬ 
ject to three conjectures, namely, that they become primordial ova, 
anovular follicles, or both ova and granulosa cells 

In the absence of intermediate stages between the cysts of ovar¬ 
ian epithelial cells and the youngest ova, there is only indirect proof 
from certain changes within the ovary that the ovanan epithelium 
in the praine dog gives nse to ova during sexual matunty Forma¬ 
tion of new ova does not occur dunng the penod covered by this 
study, and mitosis in the epithelium is not frequent enough to sup¬ 
port a cycle of invasion during this penod Furthermore, no ova 
are recognisable in the epithelium, and intermediate stages between 
epithelial cells within the ovary and ova are lacking 

ova 

Dunng the penod studied all recognisable ova w r ere located in 
the cortex of the ovary They are cytologically distinct from the 
colls of the ovanan epithelium and from the cells of the clumps and 
cysts beneath it (PI LXX, Figs 1, 3) No satisfactory evidence of 
a transition from the undifferentiated cells in a cluster to granulosa 
cells and ova has been discovered However, the rate of degenera¬ 
tion of ova in the ovary, the small number of ova often encountered, 
and the absence of invasions of differentiated ova from the epithe¬ 
lium support an inference that they must come from this source, 
which is in agreement with the belief of Papanicolaou (1934) that 
ova, once within the stroma of the ovary, pass rapidly through their 
growth stages to maturity or to degeneration. 
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Polyovular follicles and nests containing 5 to 15 or more young 
ova, with few or no follicle cells, are frequently present (PI LXXI, 
Fig 2) This suggests that one, many, or all of the cells m a cluster 
may transform into ova and few or none into granulosa cells How¬ 
ever, the preponderance of monovular follicles indicates that typ¬ 
ically only one cell of a cluster becomes an ovum The occasional 
presence of ova of different sizes in a single follicle may result from 
a difference m the time of initiation of growth or m the rate of 
differentiation 

During their period of growth ova pass through the usual sequence 
of synchronous changes, including the formation of a zona pellueida 
and its transformation into a zona radiata, increase m volume of the 
cytosome and in density of the yolk flakes, development of yolk 
nuclei, growth, later shrinkage, and final disintegration of the nucleus 
at meiosis, transformation of the chromatin through spireme stages 
to tetrads, and their separation into dyads, increase m the basichro- 
matm content, subsequent loss of the basichromatm, and final disso¬ 
lution of the nucleolus 

All recognizable ova in the ovary are enclosed in capsules of 
granulosa cells They are approximately 25 micra in diameter when 
first identified (PI LXX, Fig 3, PI LXXI, Fig 3) and approxi¬ 
mately 92 micra when mature (PI LXXII, Figs 3-4) The ovum 
is surrounded by a distinct membrane A zone of hyaloplasm 
encloses the nucleus, and peripherally many yolk granules are found 
which become larger and more numerous as growth progresses 
Small numbers of refractive, acidophilic spherules enclosed m indefi¬ 
nite vacuoles appear m the periphery of ova of diameters of 35 micra 
and increase m numbers to 100 or more in the larger ova (PI LXX, 
Fig 3, PI. LXXII, Fig 4) 

The nucleus of the young ovum is a centrally located sphere 12 
to 15 micra m diameter, and is bounded by a distinct nuclear mem¬ 
brane (PI LXXI, Fig 3). Its chromatin is arranged in irregular 
loops radiating from one or two chromatin nucleoli The nucleus 
assumes an eccentric position and increases in size with the ovum 
until near maturity, when it attains its maximum diameter of 30 
micra (PI LXXII, Fig. 2), after which it shrinks to approximately 
12 micra Its chromatin becomes detached from the nucleoli, takes 
on a reticulate appearance, and later is collected into approximately 
24 basichromatic spherules. As maturity approaches, the nucleoli 
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disappear and the spherules of chromatin condense into short, 
thick masses Because of their (‘lumping it has been impossible to 
count these masses accurately Their number, however, is no less 
than 20 and no greater than 24 Since this agrees with the count of 
tetrads on the first maturation spindles, the masses arc interpreted 
as representing early tetrads, and the changes leading up to them as 
synaptic changes 

Occasionally large ova with first and many with second meiotic 
division spindles are found The follic les of all o\a observed to be m 
meiosis, except a single one in first meiotic division, had not reached 
full size and were m an atretic condition Meiotic divisions in all 
immature ova of the period studied are abortive, and the ova arc 
destined to degenerate simultaneously with their follicles. A dis¬ 
cussion of the problem of atresia will be presented in a later paper. 

A thm hyaline zona pcllucida appears around the ovum of 
approximately 35 micra in diameter, and becomes thicker and more 
conspicuous around larger ova (PI LXX, Fig 5) As the penovular 
Rpace becomes progressively wider with the growth of the ovum the 
zona pellucida is drawn out in the form of an open net, the zona 
radiata, whose radiating fibers connect the ovum and the granulosa 
cells (PI LXXI, Figs 4-6) 

There arc cyclic variations in the rates of origin of ova and m 
the relative numbers produced, and also of atretic and normal fol¬ 
licles of the various ages Nests of primordial ova and young ova m 
follicles are present in ovaries taken throughout the spring and the 
early summer The number of young ova is generally greater early 
in the season, though there are exceptions to this, probably due to 
individual age differences — the older animals producing fewer young 
ova and the younger ones producing them over a longer seasonal 
period The transformation of epithelial cells into young ova prob¬ 
ably occurs before hibernation is broken, since the younger ova are 
most abundant in early spring and since such transformation has 
not been observed m animals taken at any time during their active 
season 


FOLLICLES 

Typical follicles may be classed as normal or atretic Normal 
follicles are found in various stages of development m the same 
ovary Normal or atypical follicles of any sue may become atretic 
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and undergo involution Only the developmental history of normal 
follicles is described here 

Normal follicles change greatly m size and in shape during devel¬ 
opment In a younger follicle only a single layer of thin cells with 
flattened nuclei surrounds the ovum (PI LXX, Fig 3) As a result 
of rapid division the cells become crowded, first into cuboid and 
then mto columnar form (PI LXX, Fig 5, PI LXXI, Fig 4) By 
continued growth the follicular epithelium retreats from the ovum, 
leaving a wide penovular space, mto which some follicular cells 
migrate, forming an inner layer (PI LXXI, Figs 4-5) The outer 
layer retreats from the inner one, leaving an interzonal space The 
inner layer m tuni retreats from the ovum, leaving another peri- 
ovular space, across which processes from the cells of the two layers 
pass to the zona pellunda Upon further retreat of the granulosa 
cells, the zona pcllucida is drawn out to form a zona radiata (PI 
LXXI, Figs 4-6) 

Cells from both the inner and the outer layers are seemingly 
crowded into the mterzone, where they usually take up irregular 
positions (PI LXXI, Fig 6) In many follicles these mterzonal 
cells are oriented in rosettes around acidophilic Call-Exner bodies, 
which are usually replaced later by vesicular spheres (PI LXX, Fig 
4, PI LXXI, Fig 0) Spaces appear between the masses of inter¬ 
zonal cells and coalesce into a single antrum, of semilunar form in 
the immature follicle but of spherical form m the mature one (PI 
LXXII, Figs 1, 3). In fixed material the contents of the wtrum 
appear granular and contain occasional remnants of the Call-Exner 
bodies At the time of the appearance of the antrum the wall of the 
follicle is approximately six cells in thickness • When the follicle 
reaches maturity the cumulus oophorus is spherical and has a wall 
approximately eight cells in thickness It separates later from the 
follicular wall, and is discharged with the ovum at ovulation 

During growth the young follicle acquires a capsule consisting of 
a theca interna and a theca externa (PI LXXII, Fig 5) The gran¬ 
ulosa cells of the outer sphere assume a columnar form and become 
regularly aligned against the follicular capsule, this condition being 
maintained throughout the life of the follicle The cells of the inner 
sphere are at first pear-shaped, with narrow ends directed away from 
the ovum, but later they become columnar They persist m the 
mature follicle as the corona radiata, attached to the ovum by long 
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cytoplasmic processes (PI LXXII, Fig 4) The interzonal cells 
retain an irregular arrangement, or regain it after the destruction of 
the Call-Exner bodies, and pass from a reticulate to a polygonal 
form (PI LXXII, Fig 6) Cytoplasmic strands connect all adjacent 
cells Processes extend into the antrum from the cells nearest it and 
to the zona r&diata from its neighboring cells 

Follicular growth is accomplished by an increase in the number 
and the raze of the granulosa cells and by the enlargement of the 
antrum Mitotic figures are common in the granulosa cellB of all 
immature follicles, but are entirely absent from those of mature 
ones, and the cells, which arc small and thm m the young follicle, 
become very large as the follicle matures Their nuclei become 
correspondingly larger, arc usually eccentric m position, and con¬ 
tain from two to six vpry conspicuous karyosomes and numerous 
chromatin granules A paranuclear mass of fibrils in present and 
occasionally vacuoles arc discernible During the formation of the 
antrum the cells appear to contain much fluid, suggesting secretory 
activity Vascular tissue does not invade the granulosa portion of 
the follicle 

A follicular capsule, consisting of thm cells with flat nuclei closely 
applied to the granulosa layer, is present It is first recognizable 
when the follicle cells have become cuboid and persists with only a 
slight increase in thickness until the follicle matures (PI LXX, Fig. 
5, PI LXXII, Fig 6) The theca interna arises shortly after the 
follicular cells become cuboid, as a single layer of flattened stromal 
cells By frequent mitosis it eventually attains a thickness of 
approximately six cells (PI LXXII, Fig 5) Some of its cells 
become polygonal and increase greatly in size, until in the mature 
follicle they are larger than the granulosa cells Others remain thm 
and appear as supporting tissue interwoven among the polygonal 
cells The polygonal cells have large, eccentric, oval nuclei, with 
two or three large karyosomes and an indefinite paranuclear struc¬ 
ture. The tbeca externa develops gradually as the follicles grow and 
is composed of stromal cells against which the follicle expands (PI 
LXXII, Figs 3, 5) Mitosis is rare m this layer, and little change 
occurs in the structure of its cells during development. As the fol¬ 
licle expands it comes in contact with the tunica ovarii from which 
numerous blood vessels pass into the thecal layer. 

The number of available ova is probably the factor which 
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the production of typical follicles Nests of young ova without fol¬ 
licles appear, but their fate is unknown Anovular foUicles appear 
(PI LXX, Fig 3), and it is doubtful whether they produce or acquire 
ova later. Typical follicles follow a definite course in their growth, 
leading either to atresia or to ovulation Tho time and the rate of 
their formation, the speed with which they develop, and the tune 
at which atresia overtakes some of them determine the relative 
numbers of follicles of the several sizes in an ovary Mitosis, hyper¬ 
trophy, and secretory activity constitute the cytological changes 
The lack of knowledge of the age of each animal studied and poorly 
understood cyclic conditions dependent on age militate against clear- 
cut interpretations of both classes of changes 

Mature follicles (PI LXXII, Fig 3) arc present only at oestrum 
and have been found only m animals that have a copulation plug 
in the reproductive canal Ovulation had occurred in all animals 
taken after oestrum, and only immature follicles were found in those 
taken before oestrum. Immature follicles of varying ages were also 
present m all animals taken before implantation of embryos, and in 
many animals taken later Sample counts in all ovanes showed the 
relative number of very large but immature folbdes to be highest 
before oestrum, to drop to a low number at mid-pregnancy, and to 
rise again at the period of parturition After this no change was 
apparent. The number of large immature follicles, both normal and 
atretic, was lowest during pregnancy, indicating that fewer follicles 
pass mid-size at this period The total absence of mature follicles 
after oestrum indicates that follicles do not mature after corpora 
lutea are established 

Middle-sized follicles were numerous in all animida examined, 
though their number is reduced after the beginning of pregnancy 
Atresia is very common in follicles of this sise during pregnancy, 
and during this period the total number of both normal and atretic 
middle-deed follicles is very high It is to be inferred that younger 
folbdes reach middle size, at which level they are held by atresia 
Younger follicles are numerous throughout the entire active season 
of the animal and are rarely atretic In general, the younger fol¬ 
licles predominate early in the season Their numbers vary, how¬ 
ever, in different individuals of the same catch, due possibly to some 
such factor ae variation in age. 

CyoQo structural changes also occur in the follicle cells. There 
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is a wave of mitotic activity in early spring which affects both gran¬ 
ulosa and theca cells of all follicles The mitotic rate remains high 
during oestrum and early pregnancy, but drops to a low level at 
mid-pregnancy, where it remains throughout the rest of the active 
season During the penod from oestrum to implantation there are 
a marked increase in the size of the theca interna cells and a more 
intense reaction of the chromatin to stains in all cells of the larger 
follicles Secretory activity is inferred from the glandular appear¬ 
ance of these hypertrophied cells 

HISTORY AND DISCUSSION 

The germinal nature of the ovanan epithelium in mammals was 
recognized by Pflhger (1863), who described the ingrowth of cellular 
cords from it Valentin (1838) had previously described the origin 
of ovanan follicles from (ords present withyi the ovary, and Wal- 
deyer (1870) later reported the origin of both granulosa cells and 
ova from these cords More recent investigators are generally agreed 
that a developmental relationship exists between the ovarian epi¬ 
thelium and the ova and granulosa cells 

The nature of the cells composing the ovanan epithelium, how¬ 
ever, is still an unsettled question Waldeyer (1870) believed the 
epithelium to be made up ongtnally of identical somatic cells, which, 
after leaving it, might differentiate into several types Nussbaum 
(1880) advanced the theory that it was made up of somatic cells, 
among which were found germ cells denved by early segregation 
Lane-CIaypon (1906) and Swezy (1929) maintained that it was com¬ 
posed entirely of genn cells Kmgery (1917) held that its cells were 
all potential germ cells, although of somatic nature Hargitt (1930) 
contended that germ cells were not segregated early, but that the 
ovanan epithelium and, consequently, all its denvatives, such as 
medullary cords, late foetal follicles, juvenile proliferations, and fol¬ 
licles and ova of the adult were transformed peritoneal cells He says 
(1925) that “genn cell ongin is a problem of cellular differentiation, 
and not of early segregation ” His belief follows that of Wini¬ 
warter (1900), that a complete degeneration of the earliest recog¬ 
nizable germ cells occurs in the immature ovary and that the idea 
of a continuity of germ cells is thereby disproved 

Recent investigations favor the theory that the ovanan epithe¬ 
lium of embryos contains potential germ cells Those who hold that 
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new ova continue to form during the penod of sexual maturity claim 
that germ cells are also present in the ovarian epithelium of adults 
The view that the epithelium is made up of germ cells of an early 
segregation m addition to somatic cells is also tenable 

Heys (1031) outlines the recent views regarding the origin and 
the fate of the germ cells of the ovarian epithelium as follows* (1) 
that the germ cells are not segregated early, but arise entirely by 
differentiation of somatic cells, (2) that they are segregated early 
and locate in the gonad, but degenerate before sexual maturity, (3) 
that they arc segregated early, locate in the gonad, and produce 
definitive germ cells, but that their numbers are augmented period¬ 
ically by a proliferation, possibly of somatic origin, and (4) that 
they are segregated early, multiply by mitosis only, and are not 
augmented or replaced by somatic cells 

Though most recent investigators agree that mammalian ova arc 
derived from the ovarian epithelium, the time and the manner of 
their derivation and their subsequent history are variously inter¬ 
preted, Some hold that they invade the ovarian cortex in the young 
animal only, while others believe that repeated invasions, periodic 
or continuous, occur throughout life Many believe the invasion to 
be by clusters, each cluster differentiating into an ovum and its 
granulosa cells Others think that the ovum and its granulosa cells 
arise by separate invasions Still others hold that only ova come 
from the epithelium, granulosa cells arising from the stroma 

According to Waldeyer (1870), the ovum and the granulosa 
cells are cytogenetically identical, those epithelial cells which stop 
dividing become ova, whereas those that continue to divide become 
granulosa cells Allen (1923) found no group invasions from the 
epithelium in the adult mouse He described * displacement of 
individual cells into the stroma of the ovary after mitosis m the 
epithelium Swezy (1929) described a simultaneous origin of ova 
and follicular cells from the gennmal epithelium and regarded them 
all as sister cells. Follicular cells were distinguished while the ovum 
was still m the gennmal epithelium, and the two types of cell were 
found to sink into the stroma together Evans and Swezy (1930) 
described invasions by one or more seemingly identical epithebal 
cells without any mitosis immediately preceding the invasion They 
held that both ova and granulosa cells came from the invading 
clumps 
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Hargitt (1930b) stated that in the rat new ova are produced in 
the adult ovary by two methods (1) Single cells of the germinal 
epithelium enlarge %n sttu and become surrounded by smaller neigh¬ 
boring cells The group then moves from its surface position into 
the tunica albuginea and becomos a young follicle (2) A number of 
germinal epithelial cells round up into a mass, and without enlarge¬ 
ment of any cells the entire group moves into the albuginea, where 
one or more cells may grow and transform into ova, whereas others 
remain small and form follicle cells League and Hartman (1925) 
believe that granulosa cells are produced by the epithelium and that 
they seek out and surround the ova m the stroma of the ovary 

Van Benedcn (1880) reported the origin of the ovum and the 
granulosa cells from a syncytial invasion Lane-Claypon (1905) 
held that ova are derived early from the epithelium, serve for a 
time as interstitial cells, and then change to functional ova She 
and Mcllroy (1910) described the ovum and its granulosa cells as 
being denved from the epithelium at different times and held that 
certain of the cells undergo a partial transformation into ova and 
then revert to granulosa cells Jenkinson (1913) did not believe 
that germ cells m mammals were ever located in the ovanan epithe¬ 
lium but thought that they originated in a subepithehol sone 

The observations on the prairie dog here reported support the 
view that new ova arise from the ovanan epithelium during sexual 
maturity The author considers it unlikely that ova arise from 
somatic cells, and therefore believes that the ovanan epithelium 
contains germ cells or indifferent cells of an early segregation The 
structural similanty of all cells in the ovanan epithelium m turn 
supports the idea that it is composed entirely of germ cells or, at 
least, of germmative tissue capable of producing both functional 
germ cells and accessory structures Judgment on its true nature 
must await the discovery of more reliable eytological entena for 
identifying germ cells and improvement m transplantation and tis¬ 
sue culture methods. 

The evidence from the study of the praine dog indicates that 
groups of similar epithelial cells invade the cortex of the ovary 
before the annual spring penod of activity of the anmAl and that 
each group usually differentiates into an ovum and its granulosa 
cells. None, several, or all such cells may form ova, resulting in an¬ 
ovular or polyovular follicles or afolkcular nests of ova, respectively. 
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This interpretation agrees with the reports of Waldeyer (1870), 
Evans and Swezy (J930), and Hazgitt (1930b) 

After differentiation the young ova go through a penod of rapid 
growth The process of yolk formation has been studied in ova of 
various animals, but homologies are uncertain and interpretations 
are varied The presence in the ova of the praine dog, during their 
penod of growth, of numerous cytoplasmic granules surrounded by 
clear zones of hyaloplasm suggests that these granules are centers of 
yolk formation 

Interpretations of the homologies of the egg membranes are not 
in harmony Maximow (1931) believed that the zona pellucida 
was in contact with the protoplasm of the egg and that its radial 
structure was due to protoplasmic processes traversing it from the 
granulosa cells to the ovum He desenbed the outer layer of the zona 
pellucida as being reticular and attached to the cells of the corona 
radiata He behoved it to have a dual ongm, being denved from 
both the ovum and the granulosa cells Aroy (1934) states that 
there is an inner vitelline membrane secreted by the ovum, and 
that the zona pellucida surrounds the vitelline membrane Wilson 
(1925) is of tlic opinion that the zona pellucida is produced by the 
ovum, but Comer (1928) thinks that it is produced by follicular cells 
Tur (1912), on evidence from polyovular follicles, from follicles with¬ 
out coronae radiata, and from atretic follicles, concluded that the 
zona pellucida is a product of the ovum His interpretation is sup¬ 
ported by abundant, similar evidence from the ovanes of the praine 
dog In this animal the zona pellucida appears to be a secretion 
from the ovum laid down outside the vitelline membrane and pos¬ 
sibly transformed into a zona radiata by traction of the cells of the 
corona radiata, which adhere to its outer surface • 

Synaptic changes during ovogenesis have been desenbed m many 
animals Balfour (1878) observed nuclear changes in the ova of 
young mammals Similar observations by later workers were fol¬ 
lowed by a systematic investigation of ovogenesis in mammals by 
Winiwarter (1901), who described synaptic changes in the ova of 
rabbits up to eighteen days of age and took these as a criterion 
for the identification of germ cells Winiwarter and Sammont (1908) 
reported that in the oat all definitive ova have completed synapsis 
at four months post portion and that no subsequent synaptic changes 
occur. Pratt and Long (1917) declared that synaptic changes m 
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the rat ceased at four days post partum Krngery (1917) described 
indistinct synaptic changes m ovanan epithelial cells in the mouse, 
but did not consider synapsis necessary in germ-cell history Cow- 
perthwaite (1925) opposed this view, declaring, as did Winiwarter, 
that synapsis is a criterion for identification of germ cells, and that 
its absence in the adult white rat bespoke the absence of ovogenesis 
Swezy (1929) interpreted the nuclear changes in young ova of adult 
rats as modified synapsis Chromatic activity throughout the period 
of growth in ova of the praine dog terminates m a haploid num¬ 
ber of chromatic mnases This activity is interpreted as modified 
synapsis 

Foulis (1876) described the transformation of the early, flat, 
follicle cells to the cuboid and columnar granulosa cells, their multi¬ 
plication to form a multilayered body, and a final disintegration of 
some of the deeper tells with the accompanying formation of a 
lentiform antrum filled with liquor folhculi He noted the absence 
of capillaries in the granulosa layer, and described the vasculariza¬ 
tion of the theca interna and the hypertrophy of its cells as the 
follicle approached maturity The membrana propria surrounding 
the granulosa layer was described by Balfour (1878), and the fol¬ 
licular capsule of attenuated connective tissue cells associated with 
the membrana propria was described by Paladmo (1888) Call and 
Exner (1875) described the formation of rosettes of granulosa cells 
about acidophilic bodies These Call-Exner bodies may originate 
through a secretory activity of granulosa cells, m the form either of 
a liquor folhculi or of a protective secretion analogous to the sub¬ 
stance of the zona pellucida about some foreign body as a center 
Honors (1900) attributed the follicular fluid to cell degeneration or 
to secretion Lane-Claypon (1905) ascribed all fluid formation to 
karyolysis of the granulosa cells Follicular growth m the praine 
dog is similar to that in other forms Foulis and Lane-Claypon 
have apparently confused karyolysis of the granulosa cells of atretic 
follicles with the normal production of follicular fluid The glandular 
appearance of the granulosa cells and the presence of great numbers 
of Call-Exner bodies w normal follicles which possess an antrum 
indicate that cells are not destroyed in the process of producing 
either follicular fluid or Call-Exner bodies 

Lutein and interstitial tissues have a close genetic relationship 
to ovanan follicles, though the full extent of these relationships is 



Female Reproductive System of the Prairie Dog 686 

not known Lutein tissue is clearly of dual origin, being formed 
from granulosa cells and theca mtema cells The origin of inter¬ 
stitial tissue has been variously interpreted It has been traced to 
the stroma, to theca interna cells of atretic follicles, to granulosa 
cells of anovular follicles, and by Lane-Claypon (1905) to functional 
ova at an intermediate period m their life In the praine dog 
the tissue appears to be of a heterogeneous nature Shortly after 
oestrum, cells of the medullary cords, the theca externa, the theca 
interna, the stroma, the lymphoid tissue, and the epodphoron hyper¬ 
trophy and present a marked glandular appearance Three inter¬ 
pretations may be placed on these structures (1) Theca-lutein and 
granulosa-lutein tissues may be physiologically distinct and of inde¬ 
pendent origin, the first being derived from the stroma and the 
second from the ovanan epithelium Likewise, the several types of 
interstitial cells may be distinct m function and in origin, but syn¬ 
chronous in hypertrophy (2) All lutein tissues, and likewise all 
interstitial tissues, may be genetically and functionally identical, 
differing only in location (3) They may be passive structures which 
hypertrophy in response to stimuli from secretions produced by 
other tissues in the ovary It is not possible to determine from a 
morphological study of the adult ovary which of these interpretations 
is correct 


SUMMARY AND CONCLUSIONS 

1 Cytological and histological studies were made on the ovaries 
of 192 white-tailed praine dogs taken during their active season, 
from March 27 to July 4 

2 Oestrous, seasonal, and life-cyclic changes^ are superimposed 
m the ovary 

3 Dunng the penod covered by this study the ovanan epithe¬ 
lium is a superficial, mitotically quiescent, simple cuboid layer of 
apparently identical cells Single cells and small groups of cells pro¬ 
jecting from the epithelium into the tunica ovani, and isolated 
groups m the tunica ovani, seldom occur Groups of identical 
epithelial cells m the superficial cortex beneath the tunica ovaru 
are relatively common 

4 All recognisable ova dunng this penod are located in capsules 
of granulosa cells in the ovanan cortex The high rate of degen¬ 
eration of ova and the limited number of young ova suggest that new 
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ova are formed in the adult The complete absence of mitosis in ova 
implies that they originate by a transformation of other cells The 
structural similarity of the granulosa cells to the cellB of the epithe¬ 
lial groups within the ovary indicates that these groups are the 
source of follicular cells as well as of the ova The absence of tran¬ 
sitional stages between epithelial cells and ova indicates that trans¬ 
formation does not occur during the penod covered in this study. 

6 Usually one ovum is found m a capsule of granulosa cells 
Polyovular follicles, anovular follicles, and afolhcular nests of ova 
occur rarely This indicates that typically one cell of an epithelial 
group transforms into an ovum, whereas the others become gran¬ 
ulosa cells The folbcular capsule, the theca mtema, and the theca 
externa originate from the stroma 

6 After invasion, the follicles rapidly complete their life cycle, 
which terminates in atresia or in ovulation 

7 All ova possess a distinct cell membrane and at an early age 
produce an elastic zona pellucida, which is later transformed by 
traction of its granulosa cells into a zona radiata 

8 During growth the ovum increases from a diameter of 25 
micra to one of 90, while its nucleus increases from a diameter of 12 
micra to one of 30, and becomes eccentrically located in older ova 

9 The nucleus contains a basophilic nucleolus which becomes 
acidophilic in older ova, and numerous granules, strands, and kaiyo- 
somes of chromatin, which aggregate into a haploid number of 
tetrads as maturity approaches 

10 Granulosa cells of growing follicles undergo frequent mitosis, 
pass from squamous to cuboid or columnar form, and increase greatly 
m size In arrangement they pass from a single-layered to a multi¬ 
layered sphere, in which the intermediate cells often assume a rosette 
pattern about Call-Exner bodies In older follicles they develop a 
paranuclear structure and become secretory Interstitial spaces 
coalesce to form an antrum about 900 micra in diameter when 
mature The cumulus odphorus is discharged into the antrum as a 
sphere. In older follicles the nuclei of the granulosa cells develop 
many large karyosomes 

11 The theca mtema increases by mitosis in growing follicles 
and passes from a body of a single layer in thickness to one of 5 or 
6 layers Its cells change from a squamous to a polygonal form and 
in older follicles exceed the granulosa cells in size. 
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12* As the follicle enlarges, the theca externa increases in thick¬ 
ness, largely by the addition of stromal cells, to a small extent by 
cell division 

13 The theca interna becomes progressively more vascular in 
growing follicles Blood vessels do not enter the granulosa tissue 

14 Young follicles are most numerous early in the season Older 
normal follicles are most numerous before implantation and least 
so at mid-pregnancy Mature follicles are present only at oestrum* 
The rate of follicular growth is at its peak early m the season 

15 Atresia is not prevalent before oestrum, but is common dur¬ 
ing pregnancy 

University of Michigan 
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EXPLANATION OF PLATE LXX 

Flo 1 Ovanan epithelium, superficial view, showing the indistinct cell bounda¬ 
ries, the largo, lobulatod nuclei, and the uniform structure of the cells 

Fio 2 Section of the ovarian epithelium and the tunica ovarii, showing the 
cuboid structure of the epithelium and a duster of epithelial cells invading 
the tunica Another group of epithelial cells with lobulated nuclei is shown 
deeper in the tunica 

Fio 3 A typical young ovum in its follicle of flattened granulosa cells. The 
ceil membrane, perinuclear sone of hyaloplasm, and strands of chromatin 
centering on the nucleolus are shown Beside the follicle Is an anovular cyst 
of epithelial cells, with lobulated nuclei 

Fio 4 A duster of granulosa oells surrounding a Call-Ekner body 

Fio 5 Portion of an early ovum and follicle, showing the early sona pelluoida, 
the follicular capsule, and the theca interna 




EXPLANATION OF PLATE LXXI 

Fig 1 Sagittal section of ovar>, shoeing (ortex beating numerous follicles and 
a torpus luteuin, vascular medulla, hilus, and mesovanum 

Fio 2 A nest of young ova in the cortex, with no follicle cells near them 

Ftu 3 A young ovum surrounded by flattened granulosa cells Its nucleus 

is large, and the chromatin is in the form of heavy strands rentcnng on the 
nucleolus Numerous yolk granules and occasional spherules enclosed m 
vatuoles are shown in the Qtosome 

Figs 4 f> Ova in follicles whose granulosa cells have formed inner and outer 
spheres and are transforming the zonae pelhiudot into zonae iadmtae 

Fio 6 An older ovum and follicle The theta externa and the mcmbr&na 
propria, and the inner and outer spheres of granulosa cells and the interzonal 
cells clustered about Call-Exner bodies are shown Numerous mitotic 
figures arc seen in the granulosa cells 








EXPLANATION OF PLATE LXX1I 

Fig 1 A large 1 , immature follicle possessing a lenticular antrum, into winch 
the t umulus oftphorus, with its ovum, is being dim barged 

Fig 2 Details of a laige, immature ovum The nucleus is shown at Its maxi¬ 
mum si re and with its chromatin material m the fotm of basic hromatic 
spherules 

Fig 3 A mature follicle containing a spherical antrum, in which the eumulus 
mVpUorus is free-floating 

Fig 4 Ovum ami corona mdiftta of a mature follu le Paranuclear structures 
are upparent m the granulosa cells and numeious yolk granules and \olk 
nuc lei in vac uoles are seen in the ovum 

Fig r > Details of the theca externa, the theca mterna, the niemhranapropria, 
and the peripheral granulosa cells of a follicle ntarmg maturity 

Fig 6 Details of the interzonal granulosa cells of a follicle neanng maturity 







THE AGE, GROWTH, AND SEX RATIO OF 
THE LAKE SUPERIOR LONGJAW, LEU- 
CICHTHYS ZENITHICUS (JORDAN 
AND EVERMANN)* 

JOHN VAN OOSTEN 

I INTRODUCTION 

S IX species of Leuctchihya occur in Lake Superior They are 
artedt, ktyt, hoyt, ntgnptnms, retghardt, and teniOncus Zenitht- 
cu8, the short-jawed chub, also known among the commercial fish¬ 
ermen as the longjaw or the cisco, may be distinguished from its 
close relatives by the following group of characters, as determined by 
Koels (1929) In side view the body is elliptical, the mandible is 
short, immaculate or faintly pigmented, and usually included within 
the maxillary, the snout truncated in side view is relatively long, 
the maxillary is comparatively long and more or less pigmented, the 
head has relatively little depth, the number of gill rakers on the first 
branchial arch usually vanes from 39 to 43, and the number of 
lateral-line scales usually ranges from 74 to 84 In life zmtthtcti* u a 
silvery color, with its dorsal surface varying from a dark blue-green 
to a pale pea green 

At the present time ttmtkuua is the only large chub that is com¬ 
mon enough in Lake Superior to be taken in commercial quantities, 
although, according to Koels (p 384), this aperies “does not support, 
nor is it certain that it ever has maintained, a fishing industry ” In 
abundance it ranks second to artedt, the lake hemng ZmUhicua 
occurs all along the shores of Lake Superior at depths of from 11 to 
100 fathoms, where it is taken in gill nets It spawns in late Novem¬ 
ber and early December, probably at depths of from 20 to 40 fath¬ 
oms, cm clay bottom. Specimens 180 millimeters long (standard 
length) usually show maturing sex organs, and virtually all those 
900 millimeters or more in length are sexually mature. The largest 

* Published with the permission of the United States Commissioner of 
Fisheries. 
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specimen observed by Koolz measured 332 millimeters in standard 
length, and very few individuals taken by him had attained a length 
greater than 300 millimeters Zemthicus, like the other chubs, is 
smoked for the market It has not been propagated artificially, but 
it has received some protection under the various laws that regulate 
the catch of chubs in Lake Superior Minnesota, Wisconsin, and 
Michigan provide a closed season, the Province of Ontario provides 
a minimum size limit below which chubs may not be marketed, 
and all these governments regulate the minimum size of gill-net 
mesh that may be used for the capture of chubs 

Nothing is known concerning the food habits, spawning, migra¬ 
tion, age, growth, and actual abundance of zemtkicus m Lake Supe¬ 
rior, and very little has been published on the life history of this 
species in other lakew Bajkov (1930) gave some brief life-history 
notes on this species of Lake Winnipeg He presented a graph 
showing the rate of growth as determined from a study of some 
fifty individuals No other data on the age and growth of L zenitht- 
cus have been published 

II MATEHMAIjS and methods 

The present study is based on 589 Lake Superior longjaws identi¬ 
fied by Dr Walter Koolz and collected by him on July 17, 1922, 20 
miles NE by E from Duluth, Minnesota, with 2|-inch mesh gill nets 
set on a sandy bottom in 30-40 fathoms of water Length and 
weight measurements, which were all based on preserved specimens, 
were not corrected for shrinkage of the fish m formalin and alcohol 
Standard length measurements were recorded in millimeters and 
weights in ounces Age determinations, weight and length measure¬ 
ments, both actual and computed lengths, were made by Mr E J 
McClure, formerly of the United States Bureau of Fisheries, but his 
readings were checked by me Ages expressed by roman numerals 
represent, m accordance with current practice, the number of annuli 
found on the scales Thus, a IV-year fish represents one taken in 
its fifth year of life For greater detail concerning the methods 
employed in a study of age and growth based on scales the reader is 
referred to one of my earlier papers (1929) All the specimens exam¬ 
ined were maturing or weTe sexually mature I am greatly indebted 
to Dr Ralph Hile for valuable assistance rendered in the preparation 
of the tables and in reviewing the manuscript 
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III AGE COMPOSITION, LENGTH FREQUENCIES, 

MAXIMUM LENGTH AND WEIGHT 

In Table I the fish in the sample have been divided into age 
groups and according to the year class to which they belong, with 
the individuals of each age group arranged according to length The 
number of individuals in each age group and the percentage of that 


TABLE I 

Frequency Distribution otr the Lake Superior Longjaw according to 
Standard Length in Mm, Age Group (Roman Numerals), and Year 
Clash (Calendar Ykarb), with Sexes Combined 




Ago group and year class 



Length in 
















mm 

IV 

V 

VI 

VII 

VIII 

IX 

X 



1018 

1017 

1916 

1015 

1914 

1913 



180-184 

1 







l 

186-189 









190-194 

1 


1 





2 

195-199 

2 







2 

200-204 

1 

2 






3 

205-209 









210 214 


2 






2 

216-219 


2 






2 

220-224 


6 

2 





8 

225-229 


5 

1 





6 

230-284 


8 

7 





15 

236-239 


3 

30 

5 




38 

240-244 


3 

54 

10 




67 

246-249 

i 

3 

42 

21 

1 


• 

67 

250-264 

i 

1 

34 

64 

7 



106 

255-259 

i 


wi 

52 

8 




260-204 



m 

52 

13 



75 

265-269 



Wa 

24 

23 



51 

270-274 



1 

9 

23 

2 

1 

36 

275-279 




2 

10 

1 


13 

280-284 




3 

6 



11 

285-289 




1 

3 



7 

290-294 






1 


1 

295-299 
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I 

2 

300-304 
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4 

Total number 
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35 

166 

243 

96 

13 

2 

580 

Percentage in 

mm 
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333 

413 

161 
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number m the entire collection are shown at the bottom of the table 
The column at the right gives the number of fish of each sue group 
The table reveals that no fish taken were younger than 4 years or 
older than 11 and that age groups IV and X were poorly represented 
Age group VII predominated in the sample, comprising 41,3 per oent 
of the catch The bulk (90 7 per cent) of the sample was composed 
of individuals that belonged to age groups VI, VII, and VIII 

In length the bulk (93 2 per cent) of the sample ranged between 
230 millimeters (total length 11 inches) and 284 millimeters (total 
length 13 6 inches), with the mode (17 9 per cent) at 252 millimeters 
(total length 12 niches) It may be noted that length is a poor 
index of age, since fish of the same length may belong to as many as 
three or four different age groups The smallest specimen m the 
sample was a female of age group IV, it measured 182 millimeters 
in length (total length 8 7 inches) and weighed 2 26 ounces The 
largest specimen in the sample measured 304 millimeters in length 
(total length 14 5 inches) and weighed 11 ounces; it was a female 
of age group IX The heaviest male, which was also the longest, 
weighed 975 ounces, measured 289 millimeters in length (total 
length 13 8 inches), and belonged to age group IX The largest 
specimen recorded by Koela measured 332 millimeters in length 
(total length 16 9 inches) The oldest male and female were in 
their eleventh year of life 

IV GROWTH IN LENGTH AND WEIGHT 

Table II, in which are presented the actual average length and 
weight for each sex of each age group and of the entire sample, 
indicates that on the average the females were slightly longer and 
weighed more than the males of corresponding age groups The 
males of the sample averaged 251 millimeters m length (total length 
12 inches) and 5 0 ounces m weight, the females 265 millimeters 
(total length 12 2 inches) and 6 1 ounces, and both sexes together 
254 millimeters in length (total length 121 inches) and 5 8 ounces 
in weight That no significant differences in growth rate, expressed 
in terms of length, occur between the sexes is brought out more 
clearly in Table III, which shows the average computed lengths 
reached at the end of each year of life by the males and females of 
three well-represented age groups In all further discussions of 
growth rates based on lengths the males and the females may be 
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considered together. The curve* of Figure 22, plotted from the 
weights of the males and females of Table II, reveal that the females 
are consistently heavier than the males at all ages The few mcon- 
flstenaea that ooour may be explained on the basis of a paucity of 
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TABLE II 

Ayerage Length and Weight and Average Wright Increment* in Ounce* 
for Each Sbx and for the Sexes Combined of Each Aon Group of 
the Lake Superior Long jaw 

Total lengths were computed from relationship, standard 
length ** 0 824 total length 


Sex 

Character 

Age group 

IV 

V 

VI 

VII 

VIII 

IX 

X 

IV-X 


' Standard length (mm ) 

192 

229 

244 

WSM 

264 

289 

272 

251 


Total length (inches) 

ED 

ten 

11 7 

12 2 

12 6 

13 8 

13 0 

12 0 


Weight (grams) 

78 

120 

145 

166 

187 

Wrim 

220 

169 

Male 

Weight (ounces) 

2 75 

4 22 

6 10 

6 85 


9 75 

7 76 

5 6 


Weight increments 










(ounces) 


1 47 

Q2D 

0 75 

0 75 





Number of specimens 

2 

9 

101 

117 

34 

1 

1 

265 


Standard length (mm) 

193 

229 

247 

258 

270 

289 

296 



Total length (inches) 

9 2 

10 9 

11 8 

12 3 

12 9 

IS 8 

14 1 


_ . 1 

Weight (grams) 

77 

126 

154 

175 

205 

vztm 

■tM 


Female < 

Weight (ounces) 

1 vwm 

4 43 

5 44 

rare 

7 24 

8 69 

9 76 



Weight increments 










(ounces) 


1 76 

1 01 

0 74 

■KID 

1 45 




, Number of specimens 

3 

26 

95 

126 

61 

12 

1 



Standard length (mm) 

193 

229 

245 

257 

268 

289 

284 

254 

Mala and 

Total length (inches) 

0 2 

10 9 

11 7 

12 3 

12 8 

13 8 

13 6 

12 1 

ITiWIU eauu 

female 

Weight (ounces) 

2 70 

4 38 

5 26 

6 02 

7 01 

6 77 

8 76 

6 9 


Weight increments 










(ounces) 


1 68 

0 88 

mfi" 

0 99 

1 76 




TABLE III 

Comparative Growth Rate in Standard Length of the Two Sexes 
of an Age Group or the Lake Superior Lonqiaw 


Age 

group 

No of 
speci¬ 
mens 

Sex 

Length 

at 

capture 

Calculated length at end of year 

D 

Q 

a 

p 

5 

6 

7 

8 

VI 

101 

Male 

244 

m 




106 

m 



VI 

95 

Female 

247 

80 




197 

224 



VII 

117 

Male 

256 

81 

108 



188 

211 

884 


VII 

126 

Female 

258 

la 




189 

214 

388 


VIII 

34 

Male 

264 

EJ 



156 

178 

203 

881 

244 

VIII 

61 

Female 

270 

i 



159 

182 

tSl 

880 

249 
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Table IV shows for the sexes combined the computed length 
attained by each age group (and year class) at the end of earh year 
of life Grand averages of length and increments in length are given 
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YEAR OF LIFC 

Fro 23 Growth curves of Lake Superior longjaw Average calculated standard 
length at end of each year of life —, average calculated increment in 
length for each year of life--- Curves baaed on grand averages of Table IV 

at the bottom of the table The curves of Figure 23 are based on 
these grand averages The data of the various age groups suggest 
that the well-represented year classes and age groups grew at approx¬ 
imately the same rate This tfmilanty in growth history is, perhaps, 
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not surprising in view of the fact that throughout its entire life 
zemthicuB inhabits the deeper waters of Lake Superior, where the 
seasonal temperatures vary little from year to year Figure 23 and 
the grand averages of the table show that the longjaw grows very 
rapidly during the first year of life, when its growth increment ib on 
the average about three tunes as large as that during any one of the 


TABLE IV 

Calculated Standard Length in Mu Attained by Various Age Groups 
(and Yeab Classes) op the Lake Superior Lonoiaw at tbe End op 
Each Year op Like, with Sexes Combined 


Year 

class 

Age 

group 

No 

of 

speci¬ 

mens 

Standard 
length at 
capture 
(mm) 

Average calculated length attained 
at end of year 

n 

a 

D 

n 

D 

D 

a 

o 

D 

10 

1018 

Ea 

6 

103 

78 

108 

145 

fiS 







1017 

Kl 

36 

220 

82 

112 

146 

tfii 

207 






1016 

BS] 

106 

246 

80 

107 

137 

169 

106 

223 





1016 

133 

243 

267 

80 

107 

136 

163 

180 

213 

236 




1014 

Eiil 

06 

268 

81 

106 

133 

168 

181 

204 

E3 

247 



1913 

|E£f 

13 

280 

83 

110 

134 

164 

182 


227 

248 

208 


1912 

■El 

2 

284 

68 

94 

116 

146 

165 

M 

204 

228 

248 

268 

Grand average calculated 
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length 



■3 

107 

136 

165 

101 

215 

232 

247 

265 

268 

Grand average growth in* 











eminent 



80 

27 

20 

20 

26 

24 

17 

16 

18 

3 

Number of specimens 

689 

680 

689 

680 

684 

640 

353 

110 

16 

2 


next five years If the length at the end of the eighth year (247 
millimeters) is taken as 100 per cent, then it may be stated that 32 
per cent of the total growth in length is completed at the end of the 
first year of life, 43 per cent at the end of the second, 56 per cent at 
the end of tbe third, 67 per cent at the end of the fourth, 77 per oent 
at the end of the fifth, 87 per cent at the end of the sixth, and 04 
per cent at the end of the seventh. During the years 2 to 6 inclusive 
growth continues at a remarkably uniform rate In the seventh year 
there is another decrease in the growth increment, after which there 
is again maintained a uniform rate through at least the ninth year 
of life. Whether tbe sharp decrease in growth in the second year is 
due to the attainment of sexual maturity is not known, since the age 
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at maturity has not yet been determined for the long}aw of Lake 
Superior 

No data on growth in terms of weight are available for the first 
three years of life The available figures for lateT years (Table II) 
indicate, however, that the curve of growth based on weights differs 
considerably from that based on lengths From Table II it may be 
seen that, w comparison with the weights attained by the males 
(2 75 ounces) and females (2 67 ounces) during the first four years 
of life, those of the fifth year seem large If the average weight of 
the fish (the sexes combined) in their ninth year of life (age group 
VIII, 7 01 ounces) is taken as 100 per cent, then it may be deter¬ 
mined that 39 per cent of the total growth in weight is completed m 
the fifth year of life, 62 per cent m the sixth, 75 per cent in the 
seventh, and 86 per cent in the eighth year It may be observed, 
then, that, although more than four years are required for the long- 
jaw to complete 39 per cent of its growth in weight, fewer than two 
years are required by it to complete the same percentage of its growth 
in length (p 608) Seventy-five per cent of its growth is com¬ 
pleted m the seventh year of life when growth is expressed in terms 
of weight but in the fourth year when growth is expressed in terms 
of length 

From all these data it is evident that, m comparison with length, 
the percentage rate of increase m weight is small during the first 
years of life During later years, however, the increase is relatively 
rapid This is brought out rather clearly by the curves of Figure 24, 
which are based on the percentages given above The curves show 
that the percentage increase in weight during the fifth and later years 
of life is greater than that in length This relatively rapid increase 
in weight u but an expression of the fact that in bodies of nearly 
constant form and specific gravity the weight vanes approximately 
as the cube of the length 

From the point of view of the commercial fishenes it would be 
highly profitable to protect the long}aw until its sixth year of life, 
when it reaches a total length of about 10 3 inches, for there is an 
increase in weight from the fifth to the sixth year of about 53 per 
cent for the males and 66 per cent for the females From the sixth 
to the seventh year the increase is approximately 22 per cent for 
both sexes, and from the seventh to the eighth year it is about 15 
percent 
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Fra 24 Percentage of total growth in length (—) and weight (---) completed 
by the Lake Superior longiaw in different yean of life Data from text, 
pp 898-698 


V GROWTH COMPENSATION 

Compensation m growth — the tendency for individuals that 
grow relatively slowly in the early years of life to grow relatively 
rapidly during the later years — has been found in many species of 
fish The subject has been reviewed by me in an earlier paper 
(1929) Since no information on compensation of growth in any 
species of chub has ever been published, it ia of interest to deter* 
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mine whether this phenomenon is present in the Lake Superior long- 
jaw. The computed lengths of the first year of life of the fish of age 
group VII were divided into four size groups, as shown in Table V 
The average length of the fish of each size group was then deter¬ 
mined for each year of life From these total lengths the average 
annual increments were derived It may be seen from the table that 
the big yearlings were, on the average, the big fish m all succeeding 
years, but that the maximum differences between the lengths of the 
four size groups diminished each year, so that the fish became more 
uniform in size each successive year of age Or, as may be seen from 
the increments, the smaller yearlings were, as a rule, the faster-growing 
fish and the larger yearlings the slower It appears, then, that the 
“law of growth (ompensation” holds for the Lake Superior long]aw 


VI LENGTH-WEIGHT RELATIONSHIP AND COEFFICIENT 
OF CONDITION 


The curve of Figure 26 based on the data of Table VI has been 
drawn to show the relationship between the length and the weight 
of fish of different sizes The black dots represent average measure¬ 
ments of females within single size groups, the open circles those of 
males The curve has been so drawn that standard lengths m milli¬ 
meters (S L) may be converted readily to total lengths in inches 
(T L ) and vice versa, and weight in grams to weight m ounces and 
vice versa The conversion of standard lengths in millimeters to 
total lengths in inches may be accomplished by dividing the stand¬ 
ard length by 26 4 X 0 824 or 20 93 The factor 0 824 was deter¬ 
mined empirically from the standard length—total length ratios 

( S L \ 

jTjj) of 112 specimens, 26 4 equals the number of millimeters in 

one mch Although the females tend to be somewhat heavier than 
the males at corresponding lengths, a angle curve expresses very 
well the length-weight relationship for both sexes 

As a part of the study of the length-weight relationship in the 
longjaw, the value of the coefficient erf condition, K, was determined 
for individual fish by means of the well-known formula, 


K 


W X 10* 

Z» ’ 


where W - weight in grams and L - standard length m millimeters. 
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TOTAL LENGTH C INCHES > 



0 IN 110 100 IN MO MO NO UO 


STANOAR0 LENGTH C MILLIMETERS J 

Fxo 25 Langtfariralght relationship of the Lake Superior tangi&w Melee 
represented by open circles; females by black dote Data from Table VI 

An increase in the value of K represents an improvement in the con¬ 
dition of the fish 1 

* Htts (1986) gives an excellent critical discussion of the formula and the 
validity of its use as a means of estimating condition in fish. 


r ounces ) 
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TABLE VI 

I/BNQTH-WHiaHT RELATIONSHIP FOR EACH SEX OF THE 

Lake Superior Lonojaw 


Males 


Females 


Stand¬ 
ard 
length 
in mm 

Total 

length, 

inches 

Weight 

in 

grams 

Weight 

in 

ounces 

No of 
speci¬ 
mens 

Stand¬ 
ard 
length 
in mm 

Total 

length, 

inches 

Weight 

m 

grams 

Weight 

In 

ounces 

No of 
speci¬ 
mens 

194 

93 

mm 

350 

1 

182 

87 

64 

225 

1 

196 

94 

mm 

2 75 

2 

193 

92 

78 

2 76 

1 

222 

10 6 

ESI 

mEM 

5 


97 

86 

300 

3 

226 

108 

ESI 

4 25 

1 

214 

10 2 

86 

3 12 

2 

233 

11 1 

mm 

460 

5 

216 

10 3 

117 

4 12 

2 

237 

113 

137 

465 

24 

222 

10 0 

139 

492 

3 

242 

116 

141 

499 

38 

227 

10 0 

125 

440 

5 

247 


146 

515 

34 

232 

11 1 

128 

450 

10 

252 

EH 

158 

558 

53 

238 

114 

B9 

495 

14 

257 

K3I 

170 

598 

29 

242 

116 

147 

520 

29 

202 

12 5 

177 

6 25 

31 

248 

118 

159 

660 

33 

266 

12 7 

189 

666 

19 

252 

12 0 

166 

684 

60 

272 

130 

192 

6 77 

14 

266 

12 3 

175 

K Til 

40 

277 

133 

220 

7 75 


263 

12 6 

184 

K *1 

43 

261 

134 

196 

700 


267 

12 7 

192 

K il 

30 

269 

13 8 

276 

9 76 

1 

278 

131 

206 

K 'VI 

21 






277 

13 2 

224 

K J1 

11 






281 

134 

225 

792 

9 






287 

13 7 

249 

879 

6 






293 

14 0 

213 

7,60 

1 






296 

141 

Ki iM 

960 

2 



* 



302 

146 

292 

10 31 

4 


The results of this study of condition are summarised (sexes 
separately) in Tables VII and VIII In the main body of each 
table are presented the venations of K with change in length in 
each age group At the bottom of the tables may be found the 
average of K for each age group, and at the right the venations of 
K with change in length, all ages combined 

Let us examine first the changes of K in relation to increase in 
age The averages of the coefficient for the different age groups 
(bottom of tables) exhibit only small variations There may be a 
general tendency for K to increase with increase in age, but if pres* 
ent, it u very slight The values of K in fish of a single sise group 
(body of tables), however, show a strong and fairly consistent tend* 
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TABLE VII 


Coefficient or Condition, K, according to Age and Sice Groups 
or the Males or the Lake Superior Longjaw 
The numbers of specimens are shown in parentheses 


Sin group, 
in mm 

Age group 


IV 

D 

VI 

VII 

VIII 

IX 

X 

Average 

100-109 



136 





117 


(2) 


a) 





(3) 

200-200 

210-219 

220-220 


008 

108 





100 



(5) 

a) 





(0) 

280-230 


104 

MEM 

111 







(3) 

(23) 

(3) 




(29) 

240-240 


008 

000 

090 

105 



000 



a) 

(62) 

(18) 

a) 



(72) 

280-250 



007 

008 

106 



000 




(17) 

(66) 

(9) 



(82) 

200-200 



002 

099 

104 



009 




(7) 

(31) 

(12) 




270-270 




097 

094 


100 

006 





(7) 

(8) 


(1) 

(16) 

280-280 





090 

116 


008 






(2) 

(1) 


(3) 

200-200 









Average 

102 

WEM 

090 

099 

101 

116 

109 

000 

(2) 

(9) 

(101) 

(116) 

(82) 

(1) 

(1) 

(261) 


ency to increase with age For example, the K of fifth of sue group 
260-260 millimeters (Table VII) increases progressively with age 
from 0 92 to 0.99 to 104. Since the successively older fish of a 
single sue group are the slower-growing ones of that group, it would 
appear from this comparison that slow growth is correlated with a 
relatively high value of the coefficient of condition 

This conclusion that a correlation exists between individual 
growth rate and individual condition u supported by the examine 
tion of the ohanges of K with change in length. The data with 
respect to ohanges m the coefficient with increase in length, all ages 
oombined (at right of the tables), show that, m general, K tends to 
decrease slightly as length increases. However, tins tendency for K 
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TABLE VIII 

CoBFncnsNT or Condition, K , according no A ax and Sin Qboum 
or tbs Tuuuu or tbs Laxx SomuoB Lomuv 


The numbers of specimens an shown in parentheses. 


Sue group, 
in mm 

Age group 

B 

IV 

D 

VI 

VII 

VIII 

IX 

X 

180-189 

WEE 

3 






K 


(i) 







mm 

190-109 

108 

B 








U) 

1 






mm 


mum 

mum 








a) 

(2) 






In 

210-219 


104 









(4) 






(4) 

220-229 


111 

123 





1 14 



(8) 

(2) 





(8) 

230-239 


103 

104 

110 




1.04 



(8) 

(14) 

(2) 




(24) 

240-249 


099 

■fill 

106 

4 



1.05 



(6) 

(44) 

(13) 




(«2) 

260-259 


104 

102 

103 

112 



14)8 



a) 

(28) 

(67) 

(8) 



(80) 

260-209 



096 

102 

106 



102 




(7) 

(46) 

(21) 



CTO) 

270-279 



088 

Mil ,1 

108 

103 


104 




a) 

(4) 

(24) 

(3) 


(82) 

280-280 




mum 

104 

101 


108 





(4) 

(7) 

(4) 


(16) 

200-299 





mrm 

0.86 

108 

0.96 






a) 

(1) 

(1) 

(3) 







mum 


1.00 







(4) 


(4) 

Average 

nra 

ES 

MEM 

mrm 

MIlM 

1.02 

14)8 

14M 


[ (3) 

(26) 

(84) 

(126) 

(68) 

02) 

(1) 

(320) 


to decrease u much more pronounced in comparisons within single 
age groups (body of tables) than in comparisons with all age groups 
combined The shorter fish of an age group on the whole have 
higher coefficients of condition than the longer fish of the same age 
group Blow growth is correlated with good condition in compar¬ 
isons of fish of different lengths in a single age group as well as in 
comparisons of fish of different ages in a single length group. 
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TABLE IX 

GhANCM IK CoBIVICUDNT Of CONDITION, K , WITH LeNOTM AND WITH A as 
in tbd Males and Females or tub Lake Superior Lonojaw 


Character of change m K 

Male 

Female 

Average decrease of K per 1-centimeter increase in length of 
Ash (within a single age group) 


0017 

Average decrease of K per 1-centimeter increase in length of 
fish (all age groups combined) 


0008 

Average increase of K per 1-year increase in age (within a 
1-centimeter length group) 

0028 

0028 

Average increase of K per 3-year increase in age (all length 
groups combined) 

0004 

0003 


The conclusion given above, based on the examination of the 
data of Tables VII and VIII, was corroborated by careful mathe¬ 
matical analysis made for me by Dr Hile Details of the procedure 
employed cannot be presented in the space available here, but the 
results of the analysis are presented in summary form in Table IX 
In this table it may be seen that, for each centimeter increase in the 
length of the fish within an age group, K decreases in value by 0 014 
in the males and 0 017 in the females. These decreases are twice as 
large as the corresponding decreases per centimeter increase in length 
(0 006 in each sex), when all ages are combined The greater change 
of K with increase in length in a single age group may be explained 
as the result of the dependence of condition on growth rate This 
effect of growth rate on condition is brought out still more strongly 
by the comparison of changes m the value of K wijh increase m age 
within a single sise group, and changes with increase in age, all 
length groups combined. In both sexes, within angle sue groups, K 
increases, on the average, 0 028 per one-year increase in age This in¬ 
crease is seven to nine times the increase of K with age, when all length 
groups are combined (0.004 in the males and 0 003 in the females) 
The low average value of the coefficient of condition in the long- 
jaw — 0.90 in the males, 104 in the females, and 102 sexes com¬ 
bined — indicates that this fish belongs to a group with a very 
dander body form The grand average value of 102 is well below 
that of 118 determined by me (1929) for the Lake Huron herring, 
the only other Cheat Lakes species of LemcMhyt for which coeffi¬ 
cients of condition have been published 















708 


John Van Oosten 


VII SEX RATIO 

The sex ratio, expressed both as percentages and as the number 
of females per 100 males, is given m Table X for each age group as 
well as for the entire sample Of 589 longjaws 45 per cent were 
males and 55 per cent females When allowance is made for the 
probability that there was some selective action by the gill net on 
the two sexes of age groups IV and V, whereby more females than 
males were taken (the females were on the average somewhat heavier 
than the males at corresponding lengths), then it may be safe to 
state that the two sexes are approximately equally abundant in a 
population composed of the age groups studied 

TABLE X 

Sex Ratios according to Age of the Lake Superior Longjaw as 
Determined from the Sample Collected July 17, 1922 

The numbers of specimens are shown in parentheses 


Sex 

Age group 

IV 

V 

VI 




X 

IV-X 

Males, percentage 

40 

26 

51 

48 

36 

8 

50 

45 

Females, percentage 

(2) 

(9) 

nmn 

(117) 

(84) 

(i) 

a) 

(266) 


74 

49 

52 

64 

92 

60 

55 

Females per 100 males 

(3) 

(26) 

(96) 

(126) 

(61) 

(12) 

0) 

(824) 

160 

289 

94 

108 

179 

1,300 

100 

122 


When the percentages or the ratios of age groups VI-IX are com¬ 
pared, it will be noted that the males become relatively fewer than 
the females with each older age group In age group VIII there is 
a sharp decrease in the percentage of males, and m age group IX an 
almost complete disappearance of males After the eighth year the 
males disappear from the catch much more rapidly than do the 
females These results form an interesting contrast to those obtained 
by me for the lake herring (Leuctchthya artedi) of Lake Huron In 
the herring the females decrease in relative abundance with increas¬ 
ing age This changing sex ratio in the herring was attributed by 
me to an earlier attainment of sexual matunty by the females and 
a consequent tendency for them to appear in the commercial catch 
at an earlier age than do the males Whether a mmllar explanation 
will hold in the case of the male longjaw cannot be stated at this 
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tune, since no information is available on the age at which the male 
and the female longjaws reach sexual maturity Hile (1936) gives 
an interesting discussion on the Bubject of sex ratios in connection 
with the cisco (.Leucichthys artedi) of certain inland lakes in Wis¬ 
consin He found that the females tend to become relatively more 
abundant as age increases He was inclined to attribute this shift¬ 
ing in sex ratios to a differential mortality of the sexes and held 
that the females arc inherently better fitted than males to survive 
adverse environmental conditions On this basis we would have to 
believe that in the Lake Superior longjaw the females are more 
viable than the males, but that m the closely related herring of 
Lake Huron the males are the more viable 

VIII SUMMARY 

1 This study was based on the determination of age and the 
calculation of growth from the scales of 589 Lake Superior longjaws 
(Leucichthys zenithicus) taken with gill nets from Lake Superior on 
July 17, 1922 

2 The sample was composed of fish of age groups IV-X Age 
group VII predominated, comprising 41 3 per cent of the catch The 
bulk (90 7 per cent) of the sample was composed of individuals of 
age groups VI-VIII 

3. The bulk (93 2 per cent) of the sample Tanged between 230 
millimeters (total length 11 inches) and 284 millimeters (total length 
13 6 inches) in standard length, with the mode at 252 millimeters 
(total length 12 inches) 

4 The males of the sample averaged 251 millimeters in standard 
length (total length 12 inches) and 5 6 ounces in weight, the females 
255 millimeters (total length 12 2 inches) and 61 ounces, and both 
sexes together 254 millimeters m length (total length 121 inches) 
and 5.9 ounces in weight 

5 In terms of length the two sexes grew at the Bame rate, but 
the females were somewhat heavier than the males at corresponding 
lengths and ages. 

6 The longjaw grows relatively very rapidly in length during 
the first year, when its growth increment (80 millimeters) is on the 
average about three tunes as large as that during any one of the 
next five years, and when about 32 per cent of its total growth m 
length is completed 
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7 In weight the longjaw grows relatively very slowly during the 
first four years, when only about 39 per cent of its total growth tn 
weight is completed. From the fifth to the sixth year there fe a very 
rapid increase m weight — about 53 per cent m the males and 06 
per cent in the females From the point of view of the commercial 
fisheries it would be profitable, therefore, to protect the longjaw 
until at least its sixth year of life, when it reaches a total length of 
about 10 3 inches 

8 The computed lengths indicate that the various year classes 
grew at approximately the same rate This may be explained by 
the fact that throughout its entire life the longjaw inhabits the 
deeper waters of Lake Supenor, where the seasonal temperatures 
vary little from year to year 

9 There is “growth compensation ’ 9 in the Lake Supenor long- 
jaw 

10 A curve is presented that shows for the longjaw the relation¬ 
ship between length, both standard and total, and weight, expressed 
in grams and ounces 

11 Standard lengths in millimeters may be converted to total 
lengths m inches by dividing the former by 20.93 (25 4 X 0 824). 

12 The coefficient of condition, K, increases as the age of the fish 
of a single ease group (fish of same length) increases, and decreases 
as the length of the fish of an age group (fish of Bame age) increases 
Slow growth, therefore, is correlated with a relatively high value of 
the coefficient of condition The most slowly growing longjaws were 
in the best condition 

13 The low average value of the coefficient of condition (102) 
indicates that the longjaw is a fish of very slender body form. 

14 Of the 589 longjaws 45 per cent were males and 65 per cent 
were females A detailed analysis of the data suggests that the two 
sexes are approximately equally abundant in the population There 
is a changing sex ratio with age, the males become relatively fewer 
than the females with each older age group. 

United States Bureau or Fisheries 

Ann Arbor, Michioan 



Leudchthys temthteua 711 


LITERATURE CITED 

Bajkov, Alexander 1930 Fishing Industry and Fisheries Investigations in 
the Pnurio Provinces Trans Am Fish 8oc , 60 215-237, figs 1-6 

Hile, Ralph. 1986 Age and Growth of the Cisco LeuctcMhya ortedi (Le Sueur) 
in the Lakes of the Northeastern Highlands, Wisconsin Bulletin of 
the Bureau of Fisheries, 48 211-317, figs 1-11 

Kohls, Walthb 1929 Coregonid Fishes of the Great Lakes Bulletin of the 
Bureau of Fisheries, 43 (1927), Part II, 297-643, figs 1-31. 

Van Oostbn, John 1929 Life History of the Lake Herring (Leucickthya 
ariedi Le Sueur) of lake Huron as Revealed by Its Scales, with a 
Critique of the Scale Method Bulletin of the Bureau of Fisheries, 
44(1928), 265-428, figs 1-43 




INDEX OF AUTHORS AND SUBJECTS 


PAGE) 

Additions to the Flora of Chippewa County, Michigan Frederick J 

Hermann 85 

Additions to the Flora of Washtenaw County, Michigan II Frederick 
J Hermann 01 

Age, Growth, and Morphometry of the Cisco, Leuctchihy* artedi (Le Sueur), 

in Blind Lake, Washtenaw County, Michigan Gerald P Cooper 563 
Age, Growth, and Sex Ratio of the Lake Superior Longjaw, Leuetchihys 

temlhtcut (Jordan and Evermann) (The) John Van Oooten 601 

Ambrose, Alice L The Nature of the Question, “Are there Three Con¬ 
secutive 7’s in the Expansion of /7?” 505 

Anatomy of the Leaf Transition Region of XJrg\nea mantma Dorothy 

Chapman Carpenter 27 

Anyphaenidae of Barro Colorado Island, Panama Canal Zone Arthur M 

Chicks ring 541 

Austin, J Perry Minimum Intensity of Artificial Illumination Effective 

in Supplementing the Normal Photopenod • 25 

Baxter, Dow V Some Resupinate Polyporea from the Region of the 

Great Lakes VIII 275 

Bay, Jambs William Glacial-take Levels Indicated by Terraces of the 
Huron, Rouge, and Clinton Rivers, Michigan 411 

Bergquist, Stanabd G The Cambnan-Oiarkian Contact in Alger 
County, Michigan 421 

Biology of the Boxwood Leaf Miner {Monarthropalpu* him tabou) in 

Michigan, Donald T. Ribs 665 

Bird, Ronald L. Tests Used in Comparing Back Pumps 297 

Blanchard, Frank N Eggs and Natural Nests of the Eastern Rmgneck 
Snake, Dtadophu punetalua edwardatt 521 

Bothwell, Lyman D The Geographic Factor In the Distribution, Trends, 
and Peaks of the Population of Puerto Rico, 1900-1030 321 

Bryophytes of the Porcupine Mountains, Ontonagon County, Michigan 

George E Nichols and William C Stebre 188 

Burt, Charles E Contributions to Texan Herpetology V Spiny and 
Scaly Iisards (Sceloponw) • 533 

Cambrian-Oxarki&n Contact in Alger County, Miohig&n (The) Stanard 

G. Beigqulst . 421 

Carpenter, Dorothy Chapman. Anatomy of the Leaf Transition Region 

of Urgtnaa mantma , » 27 

Cell Outgrowths from Wounded Surfaces of Plants in Damp Atmospheres 
Carl D La Rub 


718 


123 



714 Index of Authors and Subjects 

fact 

CamuMO, Arthur M Anyphaenidae of Bam Colorado Island, 
Ptoama Canal Zone 641 

Chorology of the Claiemont-Springfield Region in the Upper Connecticut 
Valley in New Hampshire and Vermont (The) Stanley D Dodge 835 
Contributions to Texan Herpetology V Spiny and Scaly Lisards (Sceio- 
paru$) Charles E Burt 688 

Cooper, Gerald P Age, Growth, and Morphometry of the Cisco, Leu- 

aekthy$ artodt (Le Sueur), in Blind Lake, Washtenaw County, Michigan 688 
Crsaser, Charles W, and Metcalf, Jessie L Iodine and the Produc¬ 
tion of Permanent Tadpoles in the Frog (Anno ptptent) 601 

Darlington, Henry Townsend Vegetation of the Porcupine Mountains, 

Northern Michigan Part II Floristics 38 

De Bruine, Harvey The Embryology of the Spleen in Aiwa calea 573 
Decade and a Half of American Agricultural Policy (A) Harald S Patton 359 
Dice, W Bruce A Study of the Original Vegetation of Wayne County, 
Michigan , 829 

Dodge, Stanley D The Chorology of the Cl&remont-Springfield Region 
in the Upper Connecticut Valley in New Hampshire and Vermont 836 
Dodge, Stanley D , and Wilson, Leonard S The Umland of Howell, 
Livingston County, Michigan 866 

Dow, Kenneth W , and Scott, Irving D Dunes of the Herring Lake 
Embayment, Michigan 487 

Dunes of the Herring Lake Embayment, Michigan. Irving D Scott and 
Kenneth W Dow 437 

Dunham, Harman W , and Gbanicx, Sam Growth Responses of Various 

Plants to Indole 3-N-Propionic Acid 69 

Egglbton, Frank E Productivity of the Profundal Benthic Zone in 
lake Michigan . 698 

Eggs and Natural Nests of the Eastern Ringneok Snake, DtadopkU puncUUw 
mhoardm Frank N Blanchard 621 

Embryology of the Spleen in Amux cafaa (The) Harvey De Bruine 578 
Ebghmethr, R. William Some Characteristics of a Population of Stunted 
Perch • 618 

Eyre, Frances H, and Young, Leigh J Release Cuttings in Plantations 
of White and Norway Pine 801 

Formation of Periderm In the Endosperm of Omum osdwum. James 
Merry . 169 

French Election of 1871 (The) Rudolph A Winnackbr 477 

Fresh-Water Algae from Texas. Lois C Lxllxck 141 

Functional Areas of Detroit, 1890-1988 Leonard S Wilson 897 

Further Observations and Statistics on the Flight of Fishes. Carl L. 

Hums 641 

Geographic Factor in the Distribution, Trends, and Peaks of the Population 
of Puerto Rico, 1900-1980 (The) Lyman D Botkwbll 821 

Glacial-Lake Levels Indicated by Terraces of the Huron, Rouge, and 

Clinton Rivers, Michigan James William Bay . 411 

Glendxnning, Robert M The Slope and Slope-Direction Map . 869 




Index Authors and Subjects 715 

rum 

Granige, 8am* and Dunham, Haxkan W Growth Responses of Various 
Plante to Indole 8-N-Propkmic Aeid 09 

Growth Responses of Various Plante to Indole 3-N-Propionic Acid Bam 
Gramxok and Harman W Dunham 09 

Gustafson, Felix G Proliferation and Renewal of Growth in Suppressed 
Fruits in Tomatoes 79 

Gustafson, Felix G When Does a Pine Tree Complete Its Seasonal 

GrowthT 88 

Halfert, Elisabeth, and Janson, Elsie A Pollen Analysis of a Bog in 
Northern Ontario 95 

Hall, Robert Burnett A Map of Settlement Agglomeration and Dis¬ 
semination in Japan 865 

Hermann, Frederick J Additions to the Flora of Chippewa County, 

Michigan 85 

Hermann, Frederick J Additions to the Flora of Washtenaw County, 

Michigan II 91 

Hickie, Paul. A Preliminary Report on the Past and Present Status of 

the Moose, Alee i ammoanc i (Clinton), in Michigan 629 

Hubrs, Carl I* Further Observations and Statistics on the Flight of 
Fishes . 641 

Iodine and the Production of Permanent Tadpoles in the Frog (Kona 

pipten*) Jessie L Metcalf and Charles W Creaber 661 

Isbell* Egbert R The Justices of the Peace and the Royal Prerogative in 
the Reign of James I 451 

Jambs, Preston E The Surface Configuration of South America 369 

Janson, Elsie, and Halfbrt, Elisabeth A Pollen Analysis of a Bog in 

Northern Ontario 95 

Jao, Csin-Chih New Marine Algae from Washington * 99 

Jones* Volnet H Notes on the Preparation and the Uses of Basswood 
Fiber by the Indians of the Great Lakes Region . 1 

Justices of the Peace and the Royal Prerogative in the Reign of James I 
(The) Egbert R. Isbell 451 

Kanousb, Bessie B Notes on New or Unusual Michigan Disoomyoetes 

IV ^ 117 

Kendall, Henry Madison Notes on the Population of France, with 
Speoial Reference to the Population of the Aquitaln Basin 378 

La Rub, Carl D Cell Outgrowths from Wounded Surfaces of Plants in 
Damp Atmospheres > . . , 123 

Levin, Samuel M Marx vs Malthus 248 

Liddell's Laws of English Rhythm Amos R. Morris 485 

Liluck , Lens C, Fresh-Water Algae from Texas 141 

Maims, Edwin B. Rusts from the Lower Rio Grande Valley, Texas 168 

Map of Settlement Agglomeration and Dissemination in Japan (A) 

Robert Burnett Hale, . , , . 865 

Marx vb. Malthus, Samuel M. Levin 248 

Mebrt, James. Formation of Periderm in the Endosperm of Crtaum a«t- 


aricum * «. • * *« •*•••< • * * *» « »k * • 169 



716 Index of Authors and Subjects 

PAGB 

Metcalf, Jessie L « and Creaser, Charles W Iodine and the Produc¬ 
tion of Permanent Tadpoles in the Frog (/Sana ptptene) 061 

Minimum Intensity of Artificial Illumination Effective in Supplementing 

the Normal Photopenod J Perry Austin 25 

Monsica, Edwin V A Study of the Water Molds of the Lydell State Fiah 

Hatchery at Comstock Park, Michigan 165 

Morbid, Amos R, Liddell's Laws of English Rhythm 485 

Nature of the Question, ''Are there Three Consecutive 7's in the Expansion 

of //?" (The) Aucr L Ambrose 505 

Neurotic Murderer (The) Lowell S Selling 515 

New Marine Algae from Washington Chin-Chm Jao 00 

Nichols, George E , and Steekk, William C Bryopbytes of the Porcu¬ 
pine Mountains, Ontonagon County, Michigan 183 

Notes on Indian Trade Silver Ornaments in Michigan George I Quimby, 

Jr 15 

Notes on New or Unusual Michigan Diwomycetes IV Bessie B 

Kanouse 117 

Notes on North Atlantic Marine Algae I Wm Randolph Taylor 225 
Notes on the Population of France, with Special Reference to the Popula¬ 
tion of the Aquitain Basin Henry Madison Kendall 373 

Notes on the Preparation and the Uses of Basswood Fiber by the Indians 

of the Great Lakes Region Volnby H Jones 1 

Paradise Regained Warner G Rice 403 

Patton, Harald S A Decade and a Half of American Agricultural 

Policy 259 

Pollen Analysis of a Bog in Northern Ontario (A) Elsie Jan son and 

Elizabeth Halfkrt 06 

Preliminary Notes on the Desmids of Isle Hoyale, Michigan Gerald W. 

Prescott 201 

Preliminary Report on the Past and Present Status of the Moose, Alcee 

amertcana (Clinton), in Michigan (A) Paul Hickis 620 

Prescott, Gerald W Preliminary Notes on the Desmids of Isle Royale, 

Michigan 201 

Productivity of the Profundal Benthic Zone m Lake Michigan Frank E 

Eggleton 503 

Proliferation and Renewal of Growth in Suppressed Fruits in Tomatoes. 

Faux G Gustafson 70 

Prophet, Edward C Some Types of Recreational Land Use in Michigan 

A Senes of Type Studies 385 

Quimby, George I, Jr. Notes on Indian Trade Silver Ornaments in 

Michigan 16 

Release Cuttings In Plantations of White and Norway Pine Leigh J 

Young and Francis H Eyre 301 

Rice, Warner G Paradise Regained 408 

Rms, Donald T Biology of the Boxwood Leaf Miner (Monarihrapalpue 
bm% Labou) in Michigan 665 

Rusts from the Lower Rio Grande Valley, Texas Edwin B Mains . . 158 



Index of Authors and Subjects 717 

PAGE 

Scott, Ibvino D, and Dow, Kenneth W Dunes of the Hemng Lake 
Embayment, Michigan 437 

Selling, Ijowsll S The Neurotie Murderer 515 

Slope and Slope-Direction Map (The) Robert M Gubndinnxnq 353 

Smith, Alexander H Unusual Agancs from Michigan IV 215 

Some Characteristics of a Population of Stunted Perch R William 

Eschmkybr 618 

Some Resupinate Polypores from the Region of the Great Lakea VIII 

Dow V Baxter 275 

Some Types of Recreational Land Use m Michigan A Senes of Type 

Studies Edward C Prophet 386 

Stebhk, William C , and Nichols, George E Bryophytes of the Porcu¬ 
pine Mountains, Ontonagon County, Michigan 183 

Stockard, Alfred H Studies on the Female Reproductive System of the 
Prairie Dog, Cynomyn leumrus II Normal Cyclic Phenomena of the 
Ovarian Follicles 671 

Studies on the Female Reproductive System of the Frame Dog, Cynomya 
Uucurus II Normal Cyclic Phenomena of the Ovarian Follicles 
Alfred H Stockard 671 

Study of the Original Vegetation of Wayne County, Michigan (A) W 

Bruce Dick 329 

Study of the Water Molds of the Lydell State Fish Hatchery at Comstock 

Park, Michigan (A) Edwin Y Monbma 165 

Surface Configuration of South America (The) Preston E James 369 

Taylor, Wm Randolph Notes on North Atlantic Marine Algae I 225 
Testa Used in Comparing Back Pumps Ronald L Bird 207 

Umland of Howell, Livingston County, Miclugan (The) Stanley D 

Dodge and Leonard S Wilson 355 

Unusual Agarics from Michigan IV Alexander H Smith 215 

Van Oosten, John The Age, Growth, and Sex Ratio of the Lake Superior 

Longjaw, Leuctckihya gentihtcua (Jordan and Evermann) 691 

Vegetation of the Porcupine Mountains, Northern Michigan Part II 

Floristics Henry Townsend Darlington 33 

Vegetative Anatomy of the Tomato (Lycopcrncum eaculentum Mill) II 

Leaf Structure Edward F Woodcock 235 

When Does a Pine Tree Complete Its Seasonal Growth? Felix G Gus¬ 
tafson 83 

Wilson, Leonard 8 Functional Areas of Detroit, 1890-1933 397 

Wilson, Leonard S, and Dodge, Stanley D The Umland of Howell, 
Livingston County, Michigan 366 

Winn acker, Rudolph A. The French Election of 1871 477 

Woodcock, Edward F Vegetative Anatomy of the Tomato (Lycopersteum 

eaculentum Mill) II Leaf Structure 286 

Young, Leigh J , and Eyre, Francis H Release Cuttings in Plantations 
of White and Norway Pine . > 301 




UNIVERSITY OF MICHIGAN 
PUBLICATIONS 


PAPERS OF THE MICHIGAN ACADEMY OF SCIENCE, ARTS AND 

LETTERS 

(Containing papers submitted at annual meetings) 

Editor* BUGENB 8 McCABTNBY AND ALFRED H STOOKARD 
Stse, 24 2 X 10 6 cm 8° Bound In Cloth 
Vol. I (1921) Pp xi + 424 $200 

Vol. II (1022) Pp xi + 226 $2 00 Bound in paper, $1 60 

Vol. HI (1923) Pp *11 + 473 $8 00 Bound in paper, $2 26. 

Vol. IV (1024), Part I Pp xii + 631 $3 00 Bound in paper, $226 

Vol. IV (1024), Part II A Knr to tub Snakes of the United States, 

Canada and Lower California By Frank N Blanchard Pp xlii 
+ 65 $175 

Vol. V (1026) Pp xu + 479 $3 00 Bound in paper, $2 25 
Vol. VI (1026). (Papers in botany only ) Pp xii + 406 $3 00 Bound In 
paper, $226 

Vol. VII (1026) (No papers in botany ) Pp xii + 435 $3 00 Bound 

in paper, $2 26 

Vol. Vm (1027) Pp xiv + 466. $3 00 Bound m paper, $2 26 
Vol. IX (1028) (Papers in botany and forestry only) Pp xlv + 697 $4 00. 
Bound in paper, $2 25 

Vol. X (1028) (No papers in botany or forestry) Pp. xvii + 620 $4 00 
Bound In paper, $2 26 

Vol. XI (1020) (Papers m botany and sodlogy only ) Pp xii + 404 $3 60 
Bound in paper, $2 26 

Vol. XII (1920) (No papers in botany or sodlogy) Pp xii + 348 $3 00 
Bound ui paper, $2 26 

Vol. XIII (1030) (Papers in botany and sodlogy only ) Pp xii + 603 
$400 Bound in paper, $226 

Vol. XIV (1030) (No papers in botany or sodlogy ) Pp xv + 660 $4 00. 
Bound in paper, $225 

Vol. XV (1031) (Papers in botany, forestry, and softlogy only) Pp x 
+ 511 $3 50 Bound in paper, $2 25 

Vol. XVI (1081) (No papers in botany, forestry, or sodlogy) Pp x + 621. 
$3 50 Bound in paper, $2 25 

Vol. jCVII (WM^ ^ftpers^n Msai^ forestry, and sodlogy only) Pp x 

Vol. jTOI ^232) jJap rs in buUnj, forestry, or sodlogy ) Pp xiv 

Vol. XIX (1083) Pp. xii + 662 $400 Bound in paper, $2.25 
Vol. XX (1034). Pp. xvi + 765 $4.00 Bound in paper, $2 25 
Vol. XXI (1035). Pp xvi + 757 $4.00 Bound in paper, $2.26 
Vol XXH (1086). Pp. xiv + 717 8400 Bound in paper, $2 25. 

Mot AwU te i g nwirf to Tkt L&tiffa*, </ iffafrfec*, 

Am After. Afttfcfem. 




I A. E I 7*‘ 

IMPERIAL AURlCULriJKAL RESEARCH 
1NS1 ITU I'E LIBRARY 
NEW DELHI 







